WESTGATE 
ALORIOGE 
STAFFORDSHIRE 
Tel: Aldridge 52071 


electric arc furnices installed in the new 


‘The three ft. electric arc furnaces installed at 


Brymbo Stee] Works Limited, each rated at 

12,500 kVA, have replaced the company’s open 
hearth plant, an important departure from 
conventional practice. Though ordered from Birlec 
Limited before the amalgamation of their melting 
jnterests with those of Efco Limited, these units 

are typical of the Birlefco range of arc furnaces. 
Between them, the constituent companies have 
built more than 600 arc furnaces throughout the 
world, including every British installation exceeding 


30 tons capacity. 


«6BRITISH JOURNAL. OF METALS 4 
a Vol. 60 No. 358 AUGUST, 1959 Monthly: Two Shillings and Sixpence ; 
Topping one of the chree 
-|BIRLEFCO| : 


Willi 


Impression by courtesy of Messrs. Guest, Keen & Nettlefolds (Midlands) Ltd 


HEAT TREATMENT ot boits 


SHADY LANE GREAT BARR BIRMINGHAM 22A 


i =} = = = 
— 
S SSS SS SS = = 
SSA. SS SS SS SS SSS SS S=>=> 
KS SSS SS = 
| Furnaces and Equipment designed and bui | 
uilt by 
F 


Gibbons Mahler-v-Linde 


Atmosphere generators with a wide range of applications in many industries. 
In the metal industry for bright annealing, brazing, sintering, gas carburising, 


bright hardening, etc. 


GmvL Ammonia Cracker 
For bright treatment of stainless acid resisting 
and heat resisting steels, and for brazing and 
sintering generally. 


Gibbons Sub-X Inert Gas Generator 


A highly efficient and compact producer of inert gas, operating on standard 
gaseous fuels and distillate grades of fuel oils. 


G.A.A. Endothermic Generator 


For gas carburising, dry cyanide treatment, etc. 
Automatic response to variations in demand while 
maintaining correct gas /air ratio. 


15,000 c.f.h 


Write for further details to : 


GIBBONS 
APPLIED 
ATMOSPHERES 
LIMITED 


A SUBSIDIARY COMPANY OF GIBBONS BROS. LTD. 
7 GREENFIELD CRESCENT, EDGBASTON, BIRMINGHAM I5 


"Phone : Edgbaston 4269 
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for fine grain and better definition— 


Outstanding for its exceptionally fine grain, ILFORD CX is a high-contrast film 
of medium speed. It can be used with or without lead screens, for industrial 
radiography up to two million volts, and for gamma radiography. It is ideal for 
those applications where superior definition is preferred to speed, particuJarly for 
the examination of light metal and steel castings, and for the inspection of welds. 
Recommended developer is Phenisol—-based on Phenidone, an Ilford discovery — 
which gives high effective film speed and promotes contrast, without accentuating grain. 
The name PHENIDONE is a registered trade mark 


LF 0 R D "xX industrial X-ray film 


nv 
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ILFORD 


ILFORD LIMITED 
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| STEEL BAR HEAT TREATMENT 


ALLOY STEELMAKERS FORGEMASTERS STEEL FOUNDERS HEAVY ENGINEERS 
THOS FIRTH & JOHN BROWN LIMITED SHEFFIELD ENGLAND 
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GAS BLAST COMBINED FORGE AND NATURAL DRAUGHT GAS FIRED SALT 
BRAZING HEARTH BATH SUITABLE FOR CYANIDE OR 
NEUTRAL SALTS 


Suitable for temperatures up to 900° C. 


Complete with Motor Driven Positive Air Blower, two Gas 
Blast Blow Pipes and one Gas Blast Burner. Suitable for Tube 


bending up to | in. diameter. Obtainable in the following sizes : 
: 8 in. dia. x 8 in. deep, gas consumption 300 cu. ft. /hr. 
Size of Hearth, 20 in. x 20 in. x 4 in. 8 in. dia. x 10 in. deep, gas consumption 350 cu. ft. /hr. 


10 in. dia. x 12 in. deep, gas consumption 400 cu. ft. /hr. 
Gas Consumption, 200 cu. ft. per hour maximum. 
Time to heat up—I 4 hours. 


Manufactured by 


7, HOLYROOD STREET - BERMONDSEY LONDON, S.E.! 
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NEW 
‘AGHESQN’ § 


TRADE MARK 2 


JOINTED 
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Full information about these three 
important additions to the 
“Acheson range can be obtained 
from British Acheson Electrodes 
Limited, Wincobank, Sheffield 
(Te!: Rotherham 4836). 


ACHESON 


TRADE MARK 


GRAPHITE ELECTRODES 


The term ‘ACHESON’ is a registered trade mark 
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haracteristic of British Crafts- 
manship is this handsomely 


worked pistol. Made in the 16th 


Century from steel and wood it 


is a fine example of the work of that period 


and can be seen in the Victoria and Albert 


Museum. 


Britain is proud of her craftsmen; throughout 


the years their skilled workmanship has earned 


? reputation for Britain that is second to none. 


The historical associations of steel in England 


chronicled through the ages, show how depen- 


dent we have become upon its production. 


Today its manifold uses in industry and every- 


day life have become legion—civilisation itself 


is woven over a framework of iron and steel. 
Hallamshire high grade Alloy and Carbon 


steels are an integral part of Britain's 


traditional good name. 


Manufacturers of : 


ALLOY & SPECIAL CARBON STEELS 
BARS - SHEETS - PLATES - WIRE RODS 


THE HALLAMSHIRE STEEL COMPANY LIMITED ° SHEFFIELD 3 ° ENGLAND 
Telegrams: Hallamstecl Sheffield 


Telephone: Sheffield 24304 (5 lines) 
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Silico Manganese 


Amore powertul deoxidizer 
rans Silicon or Manganese 


Auaservioo toourdong established clients, 
we ‘hold extensive stocks of silico 
inthis country, of both the 


Sptandard. and special grades, and we can 
malke: deliveries. into:your works to fit 


Get an extremely on quote from 
Union Carbide Alloys Division, 


103 Mount Street, London, W.1. 
Telephone: MAYfair 8100. 


ferro alloys & metals 


The terms ‘UNION CARBIDE and ‘SAUDAMET are trade marks. 
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35-37% ALUMINA 


Refractoriness Seger Cone 31 
Refractoriness-under-load 5% Deformation 


(28 Ibs. per sq. in.) 
After-Contraction -0'2% 
(2 hrs. at 410°C) 


Please ask for copy of Pamphlet No. 1 describing our complete range of firebrick qualities. 


»™ 
or 
C 
yn at 1490°C 


FUSED SILICA SHEATH 


VITREOSIL 


IMMERSION HEATERS 


IN ACIDS- cut heating costs ! 


Plating or Pickling Baths can be operated 


at less cost with direct immersion heating, 
. . and accurately temperature controlled with 
100% efficiency. The Vitreosil sheath is chemically 
inert, eliminates risk of contamination, 
and is demountable for 


immediate on-the-spot servicing. 


Eight page Brochure gives full information with 
enquiry form for exact specification hy our 
technical staff to meet your individual needs 


FOR ALKALIS—SPECIAL HEATERS AVAILABLE 
THE THERMAL SYNDICATE LTD. 
P.O. BOX No. 6, WALLSEND, NORTHUMBERLAND. Tel: Wallsend 6-3242/3 


LONDON: 9, BERKELEY STREET, W.1. Tel: Hyde Park 1711/2 
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No. 2 Thermocouple Alloys 


We have been making thermocouple alloys at Cheadle for many years. Our 
experience tells us what people look for and our alloys provide it—stability, 
constant EMF values and long life. 

Different temperature ranges call for different alloy combinations—and 
we provide them, including “T'1 T2’, the only British-made base metal 
thermocouple for temperatures up to 1100°C. In cases where thermocouple 
wires are covered by a British Standard we produce them to 
conform to the Standard. 

Accurate temperature measurement and control is something that 
cannot be left to chance. It is best left to Driver-Harris thermocouple alloys. 


T1/Tz2 are wires of the nickel-chromium Special Advance* wires can be selected in 
nickel-aluminium type for use at high most cases to meet these varying demands 
temperatures and conform to the British within the usual tolerances. 


Standard Specification 1827: 1952 within 
the usual tolerances. They also meet the 
requirements laid down in Air Ministry 
Specifications 1632 and 1705 covering 


Matched Advance* Iron Wires The 
non-availability of a Standard Iron and the 
variation of EMF properties experienced 
with different iron supplies result in some 


extension leads. 
difficulty in reproducing thermocouple EMF 

Special Advance* wire (60 40 copper- properties. To overcome this difficulty we are 
nickel) is for use with copper up to 400°C now able to provide a Special Iron wire 
and with iron up to 900°C. The EMF matched with Special Advance* to meet 
requirements of these two combinations certain standard EMF requirements within 

4 vary according to individual specifications. the normal tolerances. 
If you are interested in thermocouple alloys, then you may like °REGD. TRADE MARK 


to have a copy of Data Sheet No. 2, for reference. 


BRITISH DRIVER-HARRIS CO LTD 


Cuicurome) Cheadle Heath, Stockport, Cheshire 
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EXeating Rods 
for 

"Temperatures 


The high reputation of SILIT Heating Rods 

for Electric Furnaces is of many years’ standing. 

They are remarkable for their limited amount of “ageing”’ 

which is amply covered by a voltage reserve 

of only 40% for temperatures up to 1500°C, 

A salient feature of the SILIT Heating Rods is that butt joints 
between the glowing portion and the connecting ends are avoided. 
The thickened ends are formed by tightly fitting sleeves 

made of the same material as the rods. 


en A wide range of Silit Rods of equal diameter throughout 
can also be supplied, diameters ranging from $,"- 1}". 


Siemens-Schuckert 


Dept. $97 
FARADAY WORKS - GREAT WEST ROAD - BRENTFORD - MIDDX. — 
Tel: ISLeworth 2311 Grams : Siemensdyn - Brentford 
BIRMINGHAM: Tel. Midland 2082 . CARDIFF : GLASGOW : Tel. Central 2635 
MANCHESTER: Tel. Altrincham 5291. NEWCASTLE: Tel. Wallsend 6939!. SHEFFIELD: Tel. 61564 
« Smee'sS97 
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BIRMAL 


make 


magnesium castings 
of all kinds 
by all 
processes 


‘From a pin to a steam roller’ — BIRMAL have 
a long experience of producing magnesium castings 
of all types by the sand, gravity and pressure die processes. 
Our staff of qualified technicians is always available 
to discuss your metallurgical and design problems, 
and to recommend the process for most economic production. 


BIRMINGHAM ALUMINIUM CASTING (1903) CO LTD 


Birmid Works Smethwick 40 Staffs 
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ALBION MOTORS 
AND G.W.B. 


One of the oldest manufacturers of commercial motor vehicles in this country, 
Albion Motors keep up to date in their manufacturing methods 

by installing the latest and most efficient equipment available. 

An example is the electrically heated Pusher Furnace supplied 


by G.W.B. Furnaces Limited. 


Overall view from charging end of 145 kw Pusher Type Normalising Furnace at Albion Motors Limited 


APPLICATION 
Various forgings such as main shafts, counter- 


shafts, pinion shafts and gear blanks are normal- 
ised by heating up to 900 C. and slow cooled down 
to 400 500 C. 
AUTOMATIC OPERATION 

The only labour required is for placing the com- 
ponents into the charge trays at the entrance end 
of the furnace. By pressing a button, the following 
cycle automatically takes place. (1) The entrance 
door rises. (2) The pusher ram propels the loaded 
tray into the furnace. (3) The ram returns. (4) 
Entrance door lowers. (5) Exit door rises. (6) 
Hydraulically operated go-getter pulls last tray 
from exit end of furnace on to a cross conveyor. 
The cross conveyor moves the normalised parts 
to the top of an inclined roller track where the 
tray is unloaded by a tipper, and then returns 
empty to the entrance end of the furnace. 
OUTPUT 

600 Ibs. of normalised forgings per hour. 


Over 25 years experience in electric furnace design at your ditposal. 


G.W.B. FURNACES LTD. 


P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS. TEL: DUDLEY 55455 (9 lines) 
Ass ociated with: Gibbons Bros. Ltd. and Wild-Barfield Electric Furnaces Ltd. 


Gwe2is 
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now available for 
British built furnaces | 


The long experience of Demag-Elektrometallurgie 

G.m.b.H., Duisburg, Germany, in the design and 

manufacture of Induction Melting Furnaces, of 

which they were pioneers, has now been made 

available to G.W.B. Furnaces Limited. This a 
experience extends from Mains Frequency Channel 

Type Furnaces to Crucible Type Induction 
Melting units for mains frequency or motor 
alternator operation covering the melting of 
steels, irons, light metals, copper and copper 
alloys and zinc. The wide range of designs 
incorporating improvements developed over 
many years, ensures that the most suitable 
type can be selected for a particular charge 

or production programme. 

The electric induction method can solve your 
melting problems, and G.W.B. can advise you 
in your choice of the correct induction furnace. 


G.W.B. 

FOR ALL THAT IS 
BEST IN ELECTRIC 
MELTING AND 


1. 3 Ton Demag Mains Frequency Crucible Type 
SMELTING FURNACES Induction Melting Furnace. 

2. Three Demag Mains Frequency Channel Type Furnaces, 
each holding 25 tons of zinc 


3. Three Demag 30 cwt. Mains Frequency Induction 
Furnaces melting copper alloys. 


G.W.B. FURNACES LIMITED 
P.O. BOX 4. DIBDALE WORKS - DUDLEY - WORCS - Telephone: Dudley 55455 


ASSOCIATED WITH GIBBONS BROS. LTD. & WILD-BARFIELD ELECTRIC FURNACES LTD. ‘ 
Gwe 
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Dependability 


and Quality in 
Dunelt Special 
purpose Alloy 
and Carbon 
Steels 


Black rolled, bright drawn 

or smooth ground, in heat-treated 
or unheated conditions. Free 
cutting steels, heat-resisting 

steels, die steels, shear blade 
steels, high-speed tool steels, 
stainless steels, valve steels, 


hollow steel bars. 


1b 


DUNFORD & ELLIOTT (SHEFFIELD) LTD 
ATTERCLIFFE WHARF WORKS, SHEFFIELD 9 


Telephone: Telegrams 
41121 (5 lines) Blooms, Sheffield, 9 
London Office: Birmingham Office: 
Linford Street, 25 Burlington Chambers, 
S.W.8 118 New Street, 2 
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All shapes...All sizes 


Gibbons have been manufacturing Refractories in all shapes and sizes 
for over a century. Tunnel kiln firing ensures uniformity of size 


. and a high standard of quality and dimensional accuracy. 


SUPERIOR REFRACTORIES 


Gibbons Dudley Ltd., (Dibdale) Works, Dudley, Worcs. Tel: Dudley 55141 
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CRONITE FOUNDRY 
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STEEL 
CASTING 
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Every Edgar Allen Steel Casting is 
firmly based upon these three qualities 


To EDGAR ALLEN & CO. LTD. 
IMPERIAL STEEL, WORKS SHEFFIELD 9 


SHEFFIELD 9 
Please post Stee! Foundry Book to 


let | 


Positio 
' Post the coupon to-day for this Book 
a 
19 
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Extending the applications 
of ELECTRONICS 


UP FOR PUNCHING 


through experience 


Machine-tool control Timers and relays 


Resistance welding control 
Voltage regulators 


Motor speed control 


Magnetic amplifiers 
Vibration measuring equipment Dynamic balancing equipment 


High-frequency induction heating Communication equipment 
equipment Photo-electric relays 


Infra-red relays and pyrometers Leak detectors 


Write for booklet, ‘Electronics in Industry’, to 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


ELECTRONIC APPARATUS DIVISION NEW PARKS, LEICESTER, ENGLAND 
AS438 
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furnaces for stress relieving 


INCANDESCENT have wide experience in building 
bogie hearth furnaces for many processes—stress relieving, 
annealing, heat treatment of forgings, mill rolls, etc. 
The furnace illustrated is installed at the works of 
Whessoe Ltd., Darlington, manufacturers of pressure 


vessels and chemical plant. 


INCANDESCENT 


THE INCANDESCENT HEAT CO. LTD. SMETHWICK ENGLAND 


13/!3B/5? 
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“« We decided that 
Town Gas is the 
ideal fuel for 

the Diecasting 


Process ”’ 


Some diecast components made by 
T.A.L. Developments Ltd., 
Tottenham. 


FUEL SELECTION FOR PRECISION DIECASTING 


In August 1945 three men met together 
and their names were Thomas, Aldridge 
and Logan. They each put down enough 
money to create a small capital, and 
formed a Company which they called 
T.A.L. Developments Ltd. 

Two of them, Aldridge and Logan, 
having been in diecasting all their lives, 
felt they knew enough about it to start 
on their own. 

A small factory at Finsbury Park was 
rented and a labour force of 6 was 
recruited. 

That was the humble origin of T.A.L. 
Developments Ltd. 

Now the firm has a factory of 20,000 
square feet, they employ about 120 
workers and their capital is still the 
same. The Company has been built up 
by ploughing back the profits, until now 
the firm practically owns a modern 
factory complete with a modern diecast- 
ing plant, with a turnover that has 
increased nearly threefold in the last 
five years. 

During conversation Messrs. Aldridge 
and Logan said that prior to 1939 die- 
casting had not reached the importance 
in this country that it has now, because 
large users other than the Motor In- 
dustry were the exception rather than 
the rule. 

In 1939 and during the war years, both 
the Ministry of Aircraft Production and 
the Ministry of Supply were faced with 
the necessity of finding a substitute for 
machined components which were made 
from the solid bar, and they needed 
them in large quantities. 

Diecasting was their answer. Tools were 
made for many thousands of intricate 
parts, and after the usual teething 
troubles were overcome, these pieces 
were produced by the hundreds of 
millions. 

The Ministry very quickly realised that 
a very rigid control of the diecast mater- 
ial was necessary, and so stipulated that 


all zinc base alloys, used for their parts, 
were to a rigid British Standard Specifi- 
cation. 

This ensured that the diecast parts re- 
tained their precise dimensional charac- 
teristics which was of vital importance 
when making delicate fuses, etc. 

These facts are well known by T.A.L., 
who maintain their material to B.S.S., 
and to prevent any possible contamina- 
tion use only one zinc alloy, namely, 
Mazak “3” with a regular analysis taken 
of material used on every day and night 
shift. All zinc alloy castings are there- 
fore able to be produced to the British 
Standard quality, which is a sure sign of 
top quality. 

Mr. Logan, who runs the production 
side of the factory, forbids the impor- 
tation of even a small amount of solder 
into the factory, because of the danger 
of contaminating the zinc alloy with 
traces of lead or tin. 

There is variety in plenty at the T.A.L. 
works. Among the larger zinc base 
pressure diecast components are the 
motor car headlamp bezels for a popular 
motor car. These are a complicated 
design and have to be chromium plated 
eventually and, to avoid rejects, it is 
essential that the surface quality of the 
diecastings is of a very high order. 
Motor car carburetter parts afford 
examples of a complex diecasting tech- 
nique where the diecasting process has 
minimised machining and drilling costs 
to a considerable extent. At the other 
end of the scale there are diecast ladies” 
watch cases weighing only a few grams 
and cast so accurately that tiny pieces of 
marcasite can be fitted into the diecast 
settings. 

Some of the diecasting machines have 
been bought complete but, what is of 
extreme interest are those machines 
which have been built by the firm them- 
selves for their own use to meet special 
conditions of different contracts. 


The diecasting process is well known. 
The zinc base alloy is melted in a furnace 
and the molten metal is pumped under 
high pressure into a steel die which 
forms the component to the shape of the 
die. Air valves open and close the die 
whilst operating the pump in a sequence 
so that the whole process takes place on 
a controlled temperature/time schedule. 
Such machines are built for relatively 
large, complicated diecastings. On the 
other hand, when it comes to long runs 
of relatively small diecastings, a nearer 
approach to automation is required. 
The firm decided to build a number of 
completely automatic machines. They 
designed an electronic timer which, by 
operating the air valves, automatically 
opened the die, closed it, allowed molten 
metal to flow into it, then opened it and 
ejected the casting without any action 
by the operative, whilst a counting 
mechanism on the electronic timer told 
the operative precisely how many com- 
ponents had been turned out. 

We turned on to the question of fuel, 
and on this Mr. Logan was quite em- 
phatic. ““Town gas appears to us to be 
the most suitable fuel for diecasting”, 
he said. “‘We use gas because of the 
convenience factor first, then comes its 
reliability, and the Eastern Gas Board 
has always been ready to help us out of 
any troubles which do occur”. 

Mr. Aldridge added: ** Yes, and of course 
it does mean that we have the simplest 
form of costing—the meter reading is 
there for us to see day by day and we can 
keep a close check upon the fuel cost per 
unit of output, and of course we know 
monthly or weekly fuel figures without 
having to attempt to determine how 
much solid fuel there is in a heap in the 
yard or how much liquid fuel there is in 
a tank”. 

Mr. Logan took it up from there and 
said: “You will notice that it is important 
that all the liquid metal in these diecast- 
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ing machines is maintained at a con- 
trolled temperature. A thermocouple 
in a protective sheath is located in the 
chamber containing the molten metal. 
This thermocouple sends a signal to the 
control pyrometer which is pre-set to 
the desired temperature. If the temper- 
ature exceeds the set point, then 
automatically the pyrometer sends an 
electrical signal to a solenoid valve which 
in turn operates the valve in the gas 
supply, so cutting down the gas and 
allowing the temperature to come back 
to its correct value. Town gas is there- 
fore an ideal fuel for this process because 
' it has a constant calorific value and is 
supplied at a governed pressure so that 
the temperature control is very easily 
maintained. In addition of course there 
are no fuel deliveries, no wasted storage 
space and it is the easiest fuel for the 
operatives to work with”. 
T.A.L. began by making zinc base 
alloy toys, for a large multiple store, and 
they made many millions of these before 
gradually changing their output and 
moving into motor car and general 
industries. It was interesting to learn 
that the increasing turnover of the 
company has not been due to any 
extensive publicity or to any form of 
high pressure salesmanship, it being 
accomplished as a result of doing a job 
at a reasonable price and producing con- 
sistent components so that one satisfied 
customer mentioned the name of the 
company to his friends in associated 
industries. That, with Mr. Aldridge’s 
extensive technical knowledge, enabling 
him to give quick and accurate competi- 
. tive costing is the true story of the 
growth of the company. 
It is only when one visits a diecasting 
firm such as T.A.L. Developments that 
one realises the extent to which zinc 
base alloy diecastings fit into our pattern 
of life. There are gold plated zinc base 
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diecastings for electric shavers. There 
are components for electrical radio and 
television sets made for leading firms in 
the electrical and radio industries— 
washing machine components—carbur- 
etter parts, etc. 

Not only do the firm specialise in zinc 
base diecastings, but they also make 
considerable amounts of pressure alu- 
minium alloy castings. The process 
here is somewhat different. The 
aluminium alloy is separately heated by 
gas in non-metallic crucibles, again on 
pyrometer control principle, and is 
ladled in the molten state into the die- 
casting machine. It is thus a cold cham- 
ber process as compared with making 
zine base diecastings, which of course is 
a hot chamber process because the 
pressure cylinder is immersed in the 
molten metal. 

Ever since 1945 the local Gas Board has 
collaborated with T.A.L. Developments 
—its Industrial Officers helped in the 
provision of piping when supplies were 
difficult, they made recommendations 
and acted as Consulting Engineers when 
the roof of the new factory had to be 
insulated to prevent heat wastage and 
the firm required a loan from the Min- 
istry of Fuel and Power for this work to 
be done. The result of this co-operation 
is shown in the steady increase in the 
industrial gas sales load from the 
Eastern Gas Board to the company, 
which has doubled itself in the last five 
years. 

“Some say town gas is an expensive 
fuel’’, was a remark put to him, and he 
smiled and said: “Well, | suppose any 
raw material used to make an end 
product is considered to be expensive 
by the manufacturer”. 

“But it is all a question of relative terms. 
We have a free choice to use any fuel we 
would wish and we have always used gas 
and see no reason why we are likely to 


** Yes—it does mean that we have the 
simplest form of costing”. 


change in the future. It is clean, it is 
provided at a constant calorific value. 
It is a flexible fuel which lends itself very 
easily to automatic temperature control 
so essential in our process, there is no 
storage space, there are no ashes to clear 
away and in short it is a piped fuel 
coming direct to us from the gas works. 
When we compared all these advantages 
and carefully worked out the relative 
fuel costs we decided that town gas was 
the ideal fuel for the diecasting process”. 
Each gas user has the advantage of the 
gas industry’s pooled knowledge of so 
many different industries. An Industrial 
Gas Engineer of the Eastern Gas Board, 
for example, is always able to make usc 
of the knowledge of the Industrial 
Officers in all the other area Gas Boards 
and has access to the Gas Technical 
Bureau in London, where a close watch 
is kept upon all progress in gas-fired 
equipment not only in the United King- 
dom but also in overseas countries. 

Precision diecasting is just one of the 
some 4,000 trades, professions and 
occupations benefiting from the constant 
research and development taking place 
in the Gas Industry. 


Scottish Gas Board, Edinburgh. 
Northern Gas Board, Newcastle-upon-Tyne. 
North Western Gas Board, Manchester 
North Eastern Gas Board, Leeds 

East Midlands Gas Board, Leicester. 

West Midlands Gas Board, Birmingham. 
Wales Gas Board, Cardiff 

Eastern Gas Board, Watford. 

North Thames Gas Board, London, W&. 
South Eastern Gas Board, Croydon. 
Southern Gas Board, Southampton. 

South Western Gas Board, Bath 


The Gas Council, 1 Grosvenor Place, 
London, S.W.1. 


Typical diecasting machine open, 
showing the die. Molten metal heated 
by town gas is forced into the die. 
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Pressed brick 
being lifted from 
the die 
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PRESSING PROBLEM SOLVED 


Pickford Holland install the latest hydraulic presses 
for standard and special shapes 


Refractory bricks today must be abso- 
lutely accurate in size and shape. These 
qualities, combined with unerring con- 
sistency in texture and performance are 
achieved by Pickford Holland through 
the medium of the most modern plant 
and equipment. 

In Pickford Holland works, the very 
latest crushing, grinding and mixing 
plant, powerful hydraulic presses and 
continuous tunnel firing kilns have been 
and are being installed. Rigid control 


of the various processes is strictly 
observed, and the finished bricks are 
carefully inspected and tested before 
being despatched to the consumer. 
More and more Pickford Holland 
refractory bricks are being supplied to 
stecl and other industries throughout 
the world and the demand still grows. 
This surely points to the success of this 
policy of plant modernisation and is a 
tribute to the lasting service that these 
bricks give. 


PICKFORD HOLLAND Refractory Bricks 


Consistent in Size, Shape, Texture and Performance 


PICKFORD, HOLLAND & CO. LTD., 381 FULWOOD ROAD. SHEFFIELD 10, TELEPHONE 33921 
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THE UNIVERSAL 
FURNACE 


CARBO.-NITRIDING, BRIGHT-HARDENING, GAS CARBURIZING 


THE MODERN APPROACH TO 
CONSISTENTLY CONTROLLED CASE DEPTHS 
OF SUPERIOR QUALITY FOR ALL SIZES 
AND TYPES OF COMPONENT 


For further particulars apply to :— 
THE FURNACE CONSTRUCTION CO. LTD. 


48 SMITH STREET 
HOCKLEY, BIRMINGHAM, 19 


Telephone : 
NORthern 6564 
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METALECTRIC — 
FERRITIC MALLEABLE may be produced in batch or 


continuous furnaces. This typical installation handles 
miscellaneous castings for the motor industry, 


5 tons per charge. 


PEARLITIC MALLEABLE The continuous furnace ensures 


uniformity and consistency. 


This photograph shows the charging end of a METALECTRIC 
continuous line, consisting of two furnaces with an intermediate 
air cooling station. The whole cycle is completely automatic. 


Output is 14 tons pearlitic malleable hr. 


METALECTRIC build large and small furnaces, 
batch and continuous, to suit any output or time cycle. 


METALECTRIC FURNACES LTD. 


SMETHWICK . ENGLAND. 


13/24/59. 
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When temperatures run high... 


“It's the devil's own job finding a brick that will both stand up to high temperatures, and resist...." 


“What do you call high temperatures ?” 
“Over 1600° Centigrade... .to stand that and resist really resist attack. 
And do both of these for a long time without cracking.’ 
“Quite a proposition.” 
“More than a proposition. It's a necessity. Also it has to be a brick suitable for a multitude of applications.” 


“Such as?" 

“Well, it’s not only the Steel Industry ; there are the glass producers and high temperature 

kiln people too. It's wanted for soaking pits, reheating furnaces, and burner blocks 

wherever operating conditions are really severe.” 
“I think | know the rest. Apart from the resistance to slag attack you mentioned it must have 
low spalling tendency and very high mechanical strength. In fact, a super duty brick. Right?” 


‘1 believe you know something. What's the brick ?” 
“The Consett ‘735’ High Grade Alumina Brick--ideal for the super duty 
and the multitude of applications you mentioned.” 

“Didn't know you were a refractories expert.” 


“I'm not— the experts are at Consett Iron Company Limited—they've got a 
whole range of refractories... . CONSETT 34! that’s their number.” 


“Thanks — I'll ring them at once.” 


4 
4 
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CONSETT REFRACTORIES 


Mh CONSETT IRON COMPANY LIMITED, 
ooh CONSETT, COUNTY DURHAM. 
REFRACTORIES Telephone: CONSETT 34! 


N 
= 
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No matter how big 
— wherever it is 


can handle it! 


2 WORKS) 


HAWICK 


NEWCASTLE 


@ MANCHESTER 
(2 woRKS) 


CHESTERFIELD 


BIRMINGHAM 


This 30 ton, 800/1600 volt Ward Leonard rolling 
a" "oa mill armature required two 75 H.P. motors at our 
*%: im works to rotate to obtain the necessary commutator 
3 surface speed for diamond turning. 
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when speed 
is essential 


Quick, Accurate, Automatic Analysis 
of Materials, With Printed Results 


Whatever your analytical problems may be, whether to test your raw mat- 
erials or to guarantee your specifications, there is a Hilger polychromator 
to solve them—more accurately, more reliably, and more economically than 
by any other analytical method. Excellent servicing facilities are available. 


May we send you our catalogue CH 405 d& 


Phoenix-Rheinrohr A.G,, the great German steel company, use a Polyprint-30 to analyse all kinds of steels 
and slags. 


HILGER & WATTS LTD 98 ST PANCRAS WAY NWI GULliiver 5636 
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JACKMAN TESTING EQUIPMENT | 
BRINELL TEST MACHINES 


WE SHOW A BEAM TYPE 
BRINELL MOTORISED FOR 
VERTICAL MOVEMENT. 

TEST HEAD CAN BE SLID 
ALONG BEAM BY HAND. 
WIDTH BETWEEN COLUMNSS52” 

HEIGHT UNDER TEST BALL 

6” TO 60” 
STANDARD BENCH TYPE AND | 
OTHER SPECIAL MACHINES | 
AVAILABLE. 


PLEASE WRITE FOR BULLETIN No. 2 


ALPHA CARBOMETER 


FOR RAPID AND ACCURATE 
| DETERMINATION OF CARBON IN 
STEEL BATHS. 

| 
TOTAL TIME OF MAKING TEST 13-2} 
_MINUTES INCLUDING PREPARATION 
_ OF SPECIMEN. ACCURACY IS +0°01°%, 


SIMPLE TO OPERATE. 
PROVIDES COMPLETE CONTROL 
OF STEEL BATH. 


USED IN THE 
LEADING STEEL 
WORKS OF THE 
WORLD. 


VULCAN WORKS : BLACKFRIARS ROAD : MANCHESTER, 3. 
Telephone: DEAnsgate 4648 (3 lines) eee: | BLAST, MANCHESTER | 
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STOPPERS 


LADLE BRICKS 


THOMAS MARSHALL & CO. (LOXLEY) LTD 


lo 
a 

rab 


The New, Tough 
MARSHALL 


RESISTANT 


SPALL 


STOPPER 
END 


offers EXTRA Reliability 


The focal point of! teeming. The Stopper End. 
Subject to thermal shock, intense wear by liquid 
steel and severe mechanical stresses at high 
temperatures. No half measures with stoppers— 
they work or fail. 

Resulting from) years of development work 
Marshalls now present their “SR” quality. Already 
acclaimed and well-known in the biggest ladies of 
the major integrated plants, “SR” is equally 
satisfactory in the steel foundry and when 


teeming the smaller,‘ special’ steel charges. 


“SR” is highly refractory, accurately shaped— 
and tough. Consistently better and COST NO MORE. 


LOXLEY - SHEFFIELD TEL: 343844/5/6 


One of the MARSHALL REFRACTORIES GROUP of Companies 


REFRACTORIES 


& NOZZLES + TRUMPETS & PIPES + CENTRE BRICKS & RUNNERS + MOULD HEAD BRICKS 


TM39 
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The world’s most extensive range of 


MASS SPECTROMETERS 


Designed to exploit fully the very latest analytical 
techniques, these Mass Spectrometers produced by 
Metropolitan-Vickers Electrical Co. Ltd. represent the 
most comprehensive range of instruments offered by any 


company in the world. 


PURPOSE 
Metrovick MS2-G | For chemical and isotopic analysis 
Mass Spectrometer | of gases and volatile liquids 2-450 
Metrovick MS2-H_ | For analysis of high molecular 
Mass Spectrometer | weight compounds and general 2-650 
chemical analysis 
Metrovick MS2-S For isotopic analysis of solids 
Mass Spectrometer | using surface ionisation techniques 2-450 At Oxford University—A Metrovick MSs Mass Spectrometer 
recently installed at the Department of Geology and Mineralogy. 
Metrovick MS2-SG | For isotopic analysis of 
Mass Spectrometer | solids and gases 2-450 
Metrovick MS2-X | For isotopic analysis of uranium _ 
Mass Spectrometer | hexafluoride and similar compounds 
: : Full technical details of any of the 
Metrovick MS3 For chemical and isotopic analysis : . 
Mass Spectrometer | of gases and volatile liquids 2-130 instruments listed will be gladly supplied on request. 
in the | 
In addition, experts of Metropolitan-Vickers 
Mass Spectrometer | FOF respiratory gas analysis 18-48 Technical Service are available to advise or assist 
Metrovick MS5 For routine isotopic analysis of you Gn aay ee of mass aes analysis. 
Mass Spectrometer | solid samples using surface 6-400 
ionisation techniques 
Metrovick MS6L For gas leak detection using 4-32 
Mass Spectrometer | helium as tracer 
For gas leak detection using 14=56 
METROPOLITAN-VICKERS 
or butane as tracer : 
ELECTRICAL CO TRAFFORD PARK. MANCHESTER, 
Metrovick MS7 For analysis of impurities in solids, 
Mass Spectrometer | such as metals, alloys, 7-240 
semi-conductors, graphite, etc. An A.E.1. Company 
Metrovick MS9 This is a very high resolution 
Mass Spectrometer | spectrometer for qualitative and ek 
(Replacing type MS8) | quantitative analysis 
of organic compounds j 
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Heat Treatment of 


LIGHT 
ALLOYS 


Greater efficiency, more precise control, higher output with considerably less 
maintenance and running costs—these are the features that place these 
STORDY Electric Furnaces ahead for light alloy treatment. Unit construction of heater 
battery allows ready derating adjustment for precipitation treatment and annealing—with same 
precise temperature control. In addition, the heater battery is remote from the furnace 
chamber and therefore easily accessible for inspection without dismantling. The large 
capacity centrifugal fan gives greater air circulation. 
The furnace illustrated is for the heat treatment of extruded sections—work dimensions 
5 ft. diameter by 8 ft. deep. 


SM/SE 2807 
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*NITROGEN CYCLE 


We build nitrogen generators—and a wide 
range of other gas generators, too. The fact 
had better be stated quickly before the purists 
point out that the nitrogen cycle also concerns 
organic matter; no, we do not make nitrogen 
from decomposing animal tissue. 


Specially designed generators separate nitrogen 
from air by the combustion of fuel, which 
converts the oxygen content into carbon 
dioxide and water. We deal with these waste 
constituents, too, but one of our engineers will 
explain ali that. 


Protective atmospheres for furnaces, including 
annealing of transformer laminations; purging 
of electric lamps and handling of semi- 
conductors; prevention of oxidation in chemical 
processes and in packing sensitive foodstuffs; 
handling of inflammable liquids in petroleum 
refining: all these processes employ nitrogen 
protection. Estimates of capital and running 
costs for Birlec nitrogen generators are avail- 
able on request. 


* .... if there were other gas cycles we'd ride 
those also, as we build generators for hydrogen, 
carbon dioxide, inert gases, and furnace atmos- 
pheres, in addition to nitrogen. 


Dryer ond Gas Plant Division of ‘POS 
SHEFFIELD 


BIRLEC LiMEITED 


An A.E.1. Company 
BIRM NEWCASTLE-ON-TYNE 
ERDINGTON 
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«this picture 


comes into 


You’d be surprised how many everyday 
things are made from metals which have 
been cold rolled on Doncasters rolls. In a 
cycle, for instance, there are probably the 
wheel rims, the chain wheel and chain parts, 
pedals, brakes and other fittings—all 
incorporating cold rolled products. 
Doncasters Hardened Steel Rolls are chosen 
by many of the important cold rollers of 
ferrous and non-ferrous metals for their 
consistent high quality. 


DONCASTERS <> 
i778 DD 


HARDENED STEEL ROLLS 


The production of ‘D-Diamond-D’ Hardened 
Steel Rolls demands the very best steel to begin 
with, and throughout the forging, heat-treatment, 
grinding, polishing and inspection the most 
rigorous chemical, physical and mechanical tests 
are imposed; the finished product represents a 


supreme metallurgical achievement. 


DANIEL DONCASTER & SONS LIMITED ‘ SHEFFIELD 
FORGINGS - DROP FORGINGS - HARDENED STEEL ROLLS » HEAT TREATMENT 
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GAS FIRED 
SHAKER HEARTH 
FURNACE 


Improve production of small 

parts in quality as well as quantity 
with this modern and compactly 
designed continuous furnace. Its 
simple and straightforward 
operation using automatic hopper 
feed, if required, is the obvious 
answer to large scale production 
heat treatment as well as process 
heating. 


General view of 
Brayshaw Shaker 
Hearth Furnace 


Four standard sizes with nominal outputs 
of 56, 112, 224 and 448 Ibs. per hour 
(dependent on size and nature of parts) 
cover most requirements. 
Leaflet G3/58 giving full details is now 
available on request. Have you received 
your copy yet? 


Close-up view of work tray 
with typical load of bolts 


FURNACES LIMITED 


BELLE VUE WORKS - MANCHESTER !2 
Telephone: EASt 1046 (3 lines). Telegrams: HARDENING, Manchester 
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Orkot 
Rolling Mill 
BEARINGS 


In Service 
in the mills of 
The United Steel 


Companies Limited 


have 


> LOW FRICTION COEFFICIENTS... 
and 
%* IMPROVED WEAR RESISTANCE... 
leading to 
POWER SAVINGS... 


and 
>% LONG BEARING LIFE 


Enquiries to :— 


UNITED COKE AND CHEMICALS COMPANY LIMITED 
(SALES DEPARTMENT 272) P.O. Box 136, Handsworth, Sheffield 13 


Telephone: Woodhouse (Sheffield) 3211 Telegrams: ‘ Unichem’ Sheffield 


Mtt 


1 
O2 
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ABranch of The United Stee! Companies Limited P.O. BOX 50, THE ICKLES, ROTHERHAM, YORKSHIRE 


ROLLE 


The new Brinsworth mill hot rolls steel 

strip 
in widths from 6 to 18 inches 
thicknesses from -042” to -250" 
varying according to width 

—qualities which include mild 
steels, medium and high carbon 
steels, Fortiweld,” Cor-Ten”’ 
and other special steels. 


The Templeborough Strip Mill pro- 
duces hot rolled strip 


—in widths up to 6 inches 


thicknesses from -030" to -192” 
varying according to width. 


SP 218 
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Wild-Barfield A.H.F. 
equipment is used by 
Bowden Engineering Ltd. 
for brazing hose unions. 
Many other industrial 
concerns have found that 
Wild-Barfield A.H.F. 
induction heating speeds 
production, saves space and 
offers savings all along the 
line. Our engineers will be 
glad to supply further 
details and explain how 
Wild-Barfield A.H.F. 
equipment can help you. 


WILD-BARFIELD A.H.F. 
equipment at 


BOWDEN ENGINEERING LTD. 


[ ARFELD as) Induction heating speeds production 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS Telephone; Watford 26091 (8 a 
WB 6 
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fired furnace of new design for GAS carburising 


and clean heat treatment in controlled atmospheres is now a working exhibit at 


the Board’s Heat Treatment Service establishment. 
Come and see it at work or send your own components to be treated. Orders can 


be accepted for all types of commercial heat treatment. 


Consult the 


HEAT TREATMENT SERVICE 
WEST MIDLANDS GAS BOARD, 


ADDERLEY STREET, BIRMINGHAM 9 
Phone VIC 3791 
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HEAT 
TREATMENT 
IN TUBE 
PRODUCTION 


Modern Car Bottom Furnaces designed 
by Dowson & Mason engineers, 

are highly efficient and capable 

of very accurate temperature control. 
. This Furnace is used for the 
annealing and normalising of steel 

tubes and Boiler Header Drums. 


Internal dimensions : 
10’ 6” wide x 4’ 0° high from 
top of piers to spring 
of arch, 40’ 3” long. 


Heat Treatment Furnace in the Tube and Manifold Department of 
the Renfrew Works of BABCOCK & WILCOX LTD. 


Maximum charge: 30 tons 
Temperature ranges: 650°C/725°C 
920°C/950°C 


STRESS 
RELIEVING 

WELDED 
PRESSURE 

VESSELS 


Typical of the Dowson & Mason 
Stress Relieving and 

Annealing Furnaces designed 

to specific requirements, which 
are giving unrivalled 
performance throughout the 
world. Combining precise 
temperature control, high thermal 
efficiency and complete 

service reliability in the 

Heat Treatment of Pressure 
Stress end Anncating Vessels and Welded Structures. 


in the Drum Shop of the Renfrew Works 
Internal dimensions: 14° 0 wide; Maximum charge: 150 tons 


of BABCOCK & WILCOX LTD. 0° 
12° 6" top of bogie Average charge: 50/100 tons 


to spring of arch; 
38’ 3” long. Temperature ranges: 600°C/650°C 


900°C/950°C 
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Designed and constructed under the supervision of G.A. Wilson Esq., M.Eng., M.1.C.E., M.1.Mech.E., Chief Engineer, Port of London Authority. 


BRITISH ALUMINIUM 


in the Port of London 


This warehouse at Junction Dock, West India Dock, was 
recently completed for the Port of London Authority. Al! side 
and end cladding is in Rigidal Industrial Trough corrugated 
aluminium sheet, and the sliding doors are aluminium sheet on a 


frame of welded aluminium sections. 


British Aluminium building sheet needs little maintenance, and 


will last a lifetime in this marine environment. 


Main Contractors: Tubewrights Ltd 
Cladding: Carter Horseley (Engineers) Ltd 
Doors: Alphamin Ltd 


The BRITISH ALUMINIUM Co Ltd 


NORFOLK HOUSE ST JAMES’S SQUARE LONDON SW1 


AP329 
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Do you really 
think I need 
bother about 


low 
residuals? 


Some people do..... 

in carbon steels required for certain 
high duty applications. 

Residual elements in Workington Electric 
Arc Furnace Carbon Steel are as follows 


average maximum 


Nickel 01 02 
Chromium O15 
Copper 03 04 
Arsenic O15 02 
Tin “O15 02 
Vanadium 02 “04 
Molybdenum below 
Lead below 01 
Cobalt 005 
Antimony below 
Tungsten below ‘01 
Titanium below 


WORKINGTON 


IRON AND STEEL COMPANY _ Porkington + Cumberland 


w 
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GAS 


The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum car- 
burising time, fastest production rates and full 
quality control. Write to us for advice on the 


application of gas carburising for your work. 


FOR ALL HEAT-TREATMENT PURPOSES 


ELECTRIC 
WILD. 
BarielD 
FURNACES 
SS 
WILD-BARFIELD ELECTRLC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY. WATFORD BY-PASS, WATFORD, HERTS. TELEPHONE: WATFORD 26091 (8 LINES) 
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Landscapes 


Almost in the shadow of the new power station, factory chimneys 
and church spires point skywards side by side—silhouctted symbols 
of material and spiritual welfare. 

The children who sometimes play in the foreground have much for 
which to thank the early Iron founders, whose skill and industry 
brought to the Black Country prosperity, and a progressive out- 
look; creating, as the years went by, new industries and cleaner 
power, better homes and safer playgrounds. 

Progress in Staffordshire, bringing almost every major improve- 
ment in the technique of iron-founding since 1700, is apparent in 
the landscape of the County as well as in its products. 


For almost a century and a half Pig Iron has been manufactured at 
Darlaston lron Works. Today, the most modern methods of metallurgical 
control of raw materials and the finished product, enables them to supply 
Pig Iron of consistent uniformity to the most exacting specification. 


FOR QUALITY-CONTROLLED 
REFINED PIG IRON 


Foster 


ED 


DARLASTON : STAFFORDSHIRE 


L.G.B, 


A_member of the Staveley Coal & tron Co., Lid., Group. 
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Size: 124” x 94" x 
Weight: 14 Ibs 


Portable Potentiome 


AND PYROMETER TESTER 


Developed from the long and successful line of 
Foster Portable Potentiometers now comes 
Model 3155, which retains all the outstanding 
features of the previous models despite reduction 
in size and weight by over 50%. Main scale 
remains 14” long, cold-junction scale 6” long. 
Still completely self-contained, incorporating 
sensitive null deflection galvanometer, standard 
cell, standardising switch and rheostat and long life 
dry cell. Instructions for use and relative diagrams 
are printed on a metal plate permanently fitted in 
the lid. Built-in optional extra features are :— 
Electrical Resistance Measurement facilities, 
Potential Divider with coarse and fine adjustment, 
and long life dry cell. The strong case of alu- 
minium alloy is finished with a hard- -wearing 
polychromatic Aleutian grey paint. 


For full technical details write to : 


STANDARD RANGES 

o—20 mV. single range 

o—60 mV. single range 

o—20 mV. and o—60 mV. double range 
o— 20 mV. and one temperature range 
o—60 mV. and one temperature range 
o—20 mV. and o— 60 mV. and three 
temperature ranges 

Temperature scales may be in °C or °F 
Special ranges to order 

Resistance Measurement : 

©— 20 ohms and o— 200 ohms reading 
on 20 mV, scale 

© — 60 ohms and o— 600 ohms reading 
on 60 mV. scale 


FOSTER INSTRUMENT CO. LTD., LETCHWORTH, HERTS 


Members of $.1.M.A. & B.1.M.C.A.M. 


Telephone 
Letchworth 984/5/6 
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CLEAN HARDENING, CARBO NITRIDING 
CARBON RESTORATION, GAS CARBURISING 


THERMIC EQUIPMENT & 
ENGINEERING CO. LTD. 


( Associated with Gibbons Applied Atmospheres Ltd., Birmingham, 15) 
SALMON STREET, PRESTON 


Tel. PRESTON 56254 5 "Grams: THERMIC, PRESTON 
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LUCAS FURNACES LTD 
BIRMINGHAM 


COMPLETE INSTALLATIONS 
AND 
FURNACE CONVERSIONS 


METALLURGIA, August, 1959 


> 
48 


Roller chain parts carbonitrided in 
Efco-Lindberg Carbonitrider by 
Morse Chain division of Borg-Warner Lid 


Ford motor gear parts 
carbonitrided in Efco-Lindberg 


Carbonitrider 


Wear resistant parts like these 
are Carbonitrided in EFCO Furnaces 


Cash register, roller chain, and motor car 

manufacturers use Efco furnaces for carbonitriding componcnts 

‘ that must withstand impact and wear. A typical 
Efco-Lindberg carbonitrider is the standard CT-122410-A3 
furnace illustrated. This is heated by the new Corrtherm 
electrical elements located in the side walls, the 

“ current being supplied through aluminium busbars 

from a special transformer situated on the top of the 

furnace. The charge dimensions are 12 in. wide x 

10 in. high x 24 in. long, and the output for straight 

hardening is about 100 Ib. per hour. Standard sizes are 

available up to 24 in. wide x 18 in. high x 48 in. long. 


REVOLUTIONARY CORRTHERM ELEMENT 
The Efco-Lindberg Corrtherm element is a sheet of 
corrugated nickel chromium which practically 

covers the walls of the furnace, and operates on an 
extremely low voltage. It eliminates current 

leakage due to carbon deposition, has very long life, 
gives uniform heat distribution, and eliminates 

risk of harm to operators through accidental contact. 


Let us send you these publications: 
Carbonitriding & Carburizing furnaces with gas- 
fired radiant tubes or the new Electric Corrtherm 


Clements. 


ELECTRIC RESISTANCE FURNACE CO. LTD., NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY 
Associated with Electro-Chemical Engineering Co. Lid. 
NRP/RI036 


Telephone : Weybridge 3891 
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THERMAL INSULATION 
DATA with a DIFFERENCE 


* Rule of Thumb ” Tables have their obvi- 
ous limitations. You often need to calcu- 
late heat losses, temperature gradients, 
economic thickness etc., where a departure 
from conventional standards is indicated. 
This Manual gives you the Data you need 
—the Basic Formulae with examples, 
tables and graphs and the theoretical 
considerations involved. 

The Coupon entitles readers of Metallurgia 
to a copy. To apply, please attach the 
coupon to your letter heading. 


CONTENTS 


Theoretical Considerations 
Conduction Through Solids 
Surface Heat Losses 
Heat Flow Through Cylindrical Insulation 


Thermal Conductivity ‘k’’ 


Surface Factor 
Convection 
Radiation 
Surface Temperature 
Temperature Gradients 
Condensation 
Composite Insulation 
Insulation Efficiency 


Economic Thicknesses 
Thermal Conductivity Graph 
Table of Surface Area of Insulation 
per Lineal Foot of Pipe 
Table of Steam Temperatures 
Pressures 
Log Tables 


Write for your 
copy today 


Regi Trade Mark 


STILLITE PRODUCTS LTD 
15, Whitehall, London, S.W.1 
Telephone: Whitehall 0922 6 


COUPON for Stillite Technical Data Manual 
Attach to letterhead and post to Stillite Products Ltd. 15, 
Whitehall, London, 


and at 231, St. Vincent St., sas 
Telephone: Central 4292 


METALLURGIA 
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A junction chamber 
on an early 3-phase 
distribution system ? 


The roof of 
a reheat furnace ? 


A new kind of 
resilient foundation 
for a press ? 


Number two is the right answer. It is part of the monolithic roof of a reheat furnace at the Margam works of the Steel 
Company of Wales, immediately before the refractory was placed. 

The special anchor bricks hanging from the R.S.J’s are secured by heat-resisting clips and will provide support 
through the full thickness of the refractory lining. 

This roof was cast in “TRI-MOR” High Temperature Castable. It is a good example of the type of furnace lining 
which “TRI-MOR” refractories and Morgan’s whole-hearted belief in monolithic structures have made possible. 
Somedh the mostuseflef the TREMOR refractories are: 


li 


TRI-MOR Standard Castable 
TRI-MOR High Strength Castable 
TRI-MOR High Temperature Castabic 
TRI-MOR High Temperature Mouldable 
TRI-MOR Dense ‘Guncrete’ 
TRI-MOR Insulating Castable 
TRI-MOR Insulating ‘Guncrete’ 


ll 


MORGAN REFRACTORIES LIMITED, 
NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 a 
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wisdom teeth... 


Gas carburising in a Birlec furnace 


ives the young gear-wheel a good 


start in fife. Hardened to resist daily 


wear and tear,toughened to withstand 


shocks, he is assured of a long and 


honourable career. 


BIRLEC GAS CA RBURISING 


FURNACES are available imbatch 


and continuous types with reliable 


atmosphere control equipment and 


cooling or quenching facilities. 


LONDON 


BIRLEC LIMITED SHEFFIELD 


An A.E.1. Company GLASGOW 


BIRMINGHAM 24 NEWCASTLE-ON-TYNI 
JOHANNESBURG 


ERDINGTON 
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The latest development in Open Hearth Steel-making Practice 


Britain’s foremost builders of Steel-making Plant 
now offer the 


Oxygen Steel-making Operation 


This new steel producing technique has been incorporated in the furnace illustrated. 
It was invented and developed by Appleby -Frodingham Steel Company, and has already 
produced over } million tons of ingots. A second unit has now been commissioned. 

Outputs have been greatly increased with an average of five thousand tons of steel 
per week. 

This Furnace has now 90°, availability together with lower than normal refractory 
costs. 

As licensees we invite you to consult us for either converting existing plant or 
providing new furnaces incorporating the Ajax Oxygen Steel-making Operation. 


HE WELLMAN SMITH OWEN ENGINEERING “CORPORATION “LTD 
“PARNELL HOUSE, WILTON ROAD, .LONDON, S.W.1 +WORKS: DARLASTON, South Staffs, & BELFAST. 
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Support your Local Society 


AS we come to the end of this truly remarkable 
summer, our thoughts turn to winter activities. To 


some, the change will be represented by a replacement of 


the leisurely tempo of cricket by the more energetic 
exercise involved in rugby or association football ; to 
some. by more television: and to others, by a weekly 
session of hope with the football pool promoters ; but to 
those engaged in science and technology it will also, one 
hopes, be associated with a renewal of the activities of the 
loca] technical societies. 

Most provincial centres have a number of such 
societies, some of them of a purely local nature and 
entirely independent, others acting as local sections of, or 
being affiliated to, national institutions. In Manchester, 
for instance, more than forty societies—ranging in 
interest from industrial chemistry to engineering, from 
textiles to interplanetary travel (very much in the news 
at the moment), and from metallurgy to statistics—have 
for some years been associated in the Manchester 
Federation of Scientific Societies. The societies forming 
the Federation have a combined membership exceeding 


11,000, and although there may be some duplication of 


membership, it should also be mentioned that the local 
groups of the senior engineering institutions have so far 
not seen their way to participate. Corresponding figures 
for other centres would no doubt indicate that the com- 
bined membership of local technical societies throughout 
the country is by no means inconsiderable. 

The role of the local society is, perhaps, best considered 
in relation to the functions of the national institutions, 
which themselves vary in that some are professional 
bodies, membership of which calls for certain qualifi- 
cations, whilst others are mainly concerned with 


publication of technical papers and the organising of 


meetings. In the metallurgical field, the professional 
body is, of course, the Institution of Metallurgists, which 
at the present time has no local sections, although in a 
recent discussion on a proposal that steps should be taken 
to amalgamate the Institution with the Iron and Steel 
Institute and the Institute of Metals, it was mentioned 
that young metallurgists already qualified by a university 
degree felt that they had little to gain by joining, and 
that the setting up of local sections was one way in 
which membership might be made more attractive. Such 
sections would, however, have rather limited scope if they 
were not to overlap the activities of existing local 
societies. 

The Institute of Metals and the Iron and Steel Institute 
have achieved a world standing second to none as pub- 
lishing bodies for metallurgical research, and the meetings 
arranged two or three times a year for the discussion of 
papers published by the Institutes are well attended by 
leading metallurgists and engineers. Such meetings 
provide an opportunity for criticism—both constructive 
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and destructive—of an author's paper by fellow 
specialists in the field, and this, together with written 
contributions to the discussion, serves to help the reader 
to appreciate more satisfactorily the value of the paper 
It follows, of course, that the attendance at such meetings 
is often confined to those having a particular interest in 
the subject, and it is possible to have an almost complete 
change of audience with a change in subject as a session 
of such a meeting proceeds. Exceptions to this are the 
meetings of the symposium type, where a number of 
related papers on a common subject are presented for 
discussion : the choice of subject is often one of wide 
interest and the attendance is usually considerably 
larger. 

In considering the question of attendance at these 
technical sessions, it must be remembered that this may 
involve absence from the office, laboratory or works for 
two or three days in the case of members living far from 
the place of meeting, and this is not always expedient 
There are, however, very real benefits to be obtained from 
an exchange of views on technical matters—whether 
made publicly or privately-——such as is made possible by 
attendance at such meetings, and on these grounds 
alone there is much to be said for active participation. 

It is here that the local societies come into their own, for 
they also provide an opportunity for “talking shop” 
with people in the same or a related field, and for hearing 
lectures on subjects of general interest to members, and 
of special interest to particular groups of members. Such 
lectures are not usually concerned with one particular 
piece of research work, but are rather in the nature of 
surveys of recent progress in particular fields, and as 
such are extremely useful. Neither extensive travelling 
nor absence from work is involved in attending the 
meetings of one’s local society, but how many such 
societies find it necessary to hire halls capable of 
accommodating more than a third of their members / 
Even then there is a fair margin of safety. 

The local society, as a publishing organisation, is 
limited in scope, owing to the high cost of printing, but 
as a forum it is of immense value. It seems a pity, 
therefore, that this value does not seem to be as widely 
appreciated as it might be. By their nature, local 
societies have to cater for a variety of members, and the 
attendance at meetings usually consists of a small hard 
core of regulars together with a changing group of 
members attracted by the particular subject under 
discussion. This savours of specialisation carried to 
excess, and it is difficult to imagine anyone who would 
not benefit from a broadening of his technical back- 
ground. In any case, the same type of problem may be 
encountered in widely different fields, and the method 
used to deal with it may be capable of widespread 
adoption, so that from a practical point of view there is 
much to be said for more effective support of local 
technical societies. Will you be going more often this 


winter / 


Personal News 


Mr. R. C. Oroitt, O.B.E. has been appointed Agent for the 
Davy-United Sections of the contract for building a steelworks at 
Durgapur, India, which is being carried out by Indian Steelworks 
Construction Co., Ltd., a consortium of thirteen British firms. 


Mr. C.A.B. MALDEN has been appointed Joint Managing Director, 
with Mr. J. G. Cronk, of Amber Oils, Ltd. He joined the 
Company in 1958 from Stephenson Clarke, Ltd. 


Mr. E. Seymour-Semper, has been elected President of the 
Institute of Welding for 1959-60. The two new Vice-Presidents 
elected this year are Mr. W. Barr, O.B.E., and Mr. E. Fucus. 


Mr. J. Busrieip, recently appointed Secretary and Chief 
Accountant for Crofts Engineers (Holdings), Ltd., and Crofts 
(Engineers), Ltd., has been appointed a Director of both 
Companies, and of J. Parkinson and Son (Shipley), Ltd. Mr. 
M. T. J. Gorr, Joint Managing Director of Crofts (Engineers), 
Ltd., since 1951, and a Director of Crofts Engineers (Holdings), 
Ltd., since 1954, has also been appointed a Director of J. Parkinson 
and Son (Shipley), Ltd. 


THe Roya Society has been informed that Dr. L. Essen, a 
Senior Principal Scientific Officer at the National Physical 
Laboratory, has been awarded the A. 8S. Popov’s Gold Medal by 
the Academy of Sciences of the U.S.S.R. This award is for the 
most distinguished scientific work in the field of radio-engineering 
performed during the period from 1956 to 1958. The work of 
scientists from all countries is considered, but this is the first 
time that it has been awarded to a scientist outside the Soviet 
Union. The importance of Dr. Essen’s work on time standards 
was recently recognised by the presentation of the first Wolfe 
Award, given to the research worker considered by the Depart- 
ment of Scientific and Industrial Research to have made an 
outstanding contribution to the research work of the Department 
during 1958. 

THE appointment is announced of Proressor J. 8S. ANDERSON» 
F.R.S., as Director of the National Chemical Laboratory, 
D.S.1.R. Dr. Anderson, who is Professor of Inorganic and 
Physical Chemistry at the University of Melbourne, succeeds 
the retiring Director, Dr. D. D. Prart, C.B.E., and is expected 
to take up his new duties in October. 


Mr. A. A. Smitru, Head of the Welding Processes Section of the 
British Welding Research Association, has been temporarily 
seconded by the Association to the Department of Scientific 
and Industrial Research for attachment to the staff of the 
United Kingdom Scientific Mission in Washington, U.S.A. Mr. 
Smith, who is an expert on the modern gas-shielded welding 
processes, is to pay special attention to American developments 
in this field and any related ones of automatic welding : his tour 
of duty in America will be about five months. 


Vickers, Lrp., announce that Sir Lesire Rowan, K.C.B., 
C.V.O0., who joined the Board in December 1958, has now been 
appointed Director of Finance of Vickers, Ltd. Sir Leslie has 
also been appointed a Director of Vickers-Armstrongs, Ltd., and 
Robert Boby, Ltd. 

Tue INDIAN STEELWORKS CONSTRUCTION Co., LTD., announce 
with regret the resignation of BriGapier M. H. Cox from the 
post of Resident Director at Durgapur as from August 10th, 
1959. He is succeeded by Mr. D. J. Beit, who was with Stewarts 
and Lloyds, Ltd., before being appointed to ISCON as General 
Manager, Durgapur Steel Project. 

Tue Rr. Hoy. Tue Lorp Rocupae, O.B.E., T.D., D.L., has 
accepted a seat on the Board of Geigy (Holdings), Ltd., of 
Manchester. 


Mr. L. R. P. Puen, Director and Secretary of Guest Keen Iron 
and Steel Co., Ltd., has been appointed Assistant Managing 
Director, and is succeeded as Secretary by Mr. C. F. PAGNAMENTA, 
O.B.E., at present Chief Accountant. Mr. B. W. Joun, at present 
Assistant Secretary, succeeds Mr. Pagnamenta as Chief Accoun- 
tant. 

Britisu INSULATED CALLENDER’'S CABLES, Lrp., announce the 
retirement of Mr. W. G. Henprey, who has been a Director since 
1938. Mr. W. Fraser, Chairman and Managing Director of 
Scottish Cables, Ltd., has been appointed to the B.I.C.C. Board. 


Tue Viscount KNo.uiys, G.C.M.G., M.B.E., D.F.C., the Chair- 
men of Vickers, Ltd., has been elected Chairman of English Steel 
Corporation, Ltd., in succession to the late Sir Frederick Pick- 
worth. 


THREE new appointments have been made in The English 
Electric Company's export organization following that of Mr. 
L. A. Short as Director of Overseas Operations and recent ex- 
pansion of the Division’s activities. Mr. J. F. HerBEeRT has been 
appointed General Manager Export Sales, in which post he will 
continue to have special responsibilities for the overseas interest 
of the Company’s Atomic Power Division ; Mr. 8. E. Bouton has 
been appointed Assistant General Manager Export Sales, with 
special interests in the North American Continent, for which 
territory he has been Area Export Manager since 1955; and 
Mr. S. W. J. BuTLer, who has been in charge of the Company's 
Overseas Factories Services since 1951, has been made Manager 
of a new Overseas Factories Department. This department has 
been established in view of the increasing importance of manu- 
facturing in overseas territories. 


Mr. H. J. Tucker, Southern Area Sales Manager for the Electric 
Resistance Furnace Co., Ltd., for the past ten years, has been 
appointed Service Manager, with responsibility for maintaining 
customers’ goodwill. He will be able to call on the full resources 
of the company to ensure that users of Efco furnaces obtain 
complete satisfaction from their installations. Mr.C. A. MCNEILL 
formerly technical sales manager of another furnace manu- 
facturing company, has joined the technical sales staff at the 
Midland Area Office in Birmingham. Mr. M. J. Parsons, who 
has worked for many years with Edwards High Vacuum, Ltd., 
has joined the E.R.F.C.O. sales organisation at the Head Office, 
Weybridge : he willspecialise in vacuum heat treatment processes 
and equipment. 


IN a reorganisation of the Sales Division of Nash and Thompson, 
Ltd., Mr. J. L. Foreman, formerly Commercial Manager of the 
Elliott-Automation Group, has been appointed Sales Manager, 
with responsibility for sales policy, publicity and market research. 
Mr. D. E. Morris has been promoted to Sales Office Manager, with 
special responsibility for process control, oil, gas, mining, medical 
and survey equipment. Mr. R. C. BLezarp is the Sales Engineer 
responsible for all metallurgical sales, and Mr. T. N. Morpvur 
covers the counties south of the Thames for the Nashton range of 
miniature electronic test equipment. The sale of scintillators is 
now covered by Mr. D. A. Gincer, the Chief Chemist, and 
environmental testing by Mr. G. F. THompson, Head of the 
Component Testing Laboratory. 


Mr. E. BentLey, for the past two years Manager of the Man- 
chester Branch of Griffin & George (Sales), Ltd., has been appoin- 
ted London Branch Manager. He is succeeded at Manchester by 
Mr. K. Freer, with Mr. J. Branson, formerly Yorkshire 
representative, as Assistant Manager. Mr. D. SAVAGE remains 
Field Sales Manager (Northern Area). 


Mr. A. B. JorDAN has been appointed Publicity Manager of 
Edgar Allen & Co., Ltd., in succession to Mr. E. N. Simons. Mr. 
Simons will be retained as a Publicity Consultant and as Editor of 
Edgar Allen News, @ position he has occupied since its inception 
forty years ago. 

Mr. W. E. A. Reprearn, Director, English Steel Corporation, 
Ltd., Deputy Managing Director, English Steel Forge & Engineer- 
ing Corporation, Ltd., and Director, English Steel Rolling Mills 
Corporation, Ltd., has been appointed Chairman of the National 
Forgemasters’ Association in succession to the late Sir Frederick 
Pick worth. 


AT a recent meeting of the Board of Aluminium Laboratories, 
Ltd., in Montreal, Dr. R. T. PARKER was elected a Director and 
Vice-President of the Company. Dr. Parker recently took charge 
of the Banbury and Geneva offices of the company in succession 
to Mr. R. D. Hamer. At the same meeting Dr. D. E. THomas, 
Head of the Department of Patents and Contracts, was appointed 
an Assistant Secretary . 


Davy anp Unitep Roit Founpry, Lrp., Billingham, Co. 
Durham, announce the appointment as Works Manager of the 
Roll Foundry of Mr. A. C. Brrp, who was previously Assistant 
Works Manager. 


Mr. G. B. Perry has been appointed Managing Director of Axia 
Fans, Ltd., a member of the Hall-Thermotank Group of Com- 
panies. He has also been appointed a Director of Vent-Axia Ltd., 
and will retain his seat on the Board of Thermotank, Ltd., in which 
Company he formerly held the executive posts of Director, 
Engineering Division, and General Manager of its International 
Products Division. As a result of Mr. Perry’s appointment, 
Mr. R. C. Apre has been promoted to be General Manager of 
Thermotank’s International Products Division, and Mr. H. J. 
Watson will be General Manager of the Engineering Division. 
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Sectors for 7 GeV 


Accuracy Required 


Necessitated Development 
of Special Manufacturing 


Techniques 


7,000 ton electromagnet core—the biggest in the 
British Commonwealth and the heaviest in Europe 
outside the U.S.S.R.—is now being constructed at 
Manor Works, one of the Wolverhampton factories of 
Joseph Sankey and Sons, Ltd. When completed, the 
magnet will form the largest component of the £7 million 
7 GeV proton synchrotron—a 7,000 million electron volt 
“atom smasher *—being built at the Rutherford High 
Energy Laboratory, Harwell, for the National Institute 
for Nuclear Research. The synchrotron, which is due 
for completion in 1961, will be Britain’s most powerful 
tool for fundamental research in nuclear physics, and is 
intended to provide universities and other institutions 
with facilities and equipment which are beyond their 
reach, both financially and physically. 

The completed magnet ring will be 160 ft. in diameter, 
but, because of transportation and installation problems, 
it is being produced in 336 radial sectors, of which two 
may be seen in the illustration. These sectors are being 
produced at the rate of one a day. and each one is built 
up from 45 silicon steel plates, is 10 ft. 5 in. high, 9 ft. 3 in. 
wide, and 12} in. thick, and weighs nearly 20 tons. The 
accuracy and rate of production are unusually high for 
so massive a product, and it is interesting to note that 
the method of manufacture was not proven and the 
necessary plant was not available when the contract was 
accepted. 

The high output required has necessitated a flow 
production line, and all the plant has been specially 
ordered or manufactured and sited for the one job. 
Because of the handling problems involved, all the 
operations have to have their own handling aids and 
lifting tackle, e.g., the whole of the preparation bay is 
served by roller conveyor, the shears have their own 
hoist, and the two cranes are used only for placing 
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Production of Magnet 


Proton Synchrotron 


Two of the 20-ton magnet sectors: that on the 
left has the coil brackets welded in place. 


material on the start of the line and on to the trailer for 
removal. In the annealing and finishing bays, each 
operation has a crane, or a shift of crane time, allocated 
to it, with the exception of the 4 in. shears and the 
D.R.N.S. stove, which have their own hoists. 


Plate Preparation and Welding 

When enquiries were first made about the fabrication 
of the magnet sectors from 1°, silicon low carbon 
electrical steel, using } in. thick laminations and } in. 
thick cheek plates, it was realised that two 5 ft. plates 
would have to be welded together, as it was impossible 
to obtain 10 ft. wide plates. 

The } in. and } in. thick plates are each marked for 
cast, ingot and position in the ingot, and are drawn 
from stores in such a way as to randomise any variations 
within each cast. Each plate is carefully inspected for 
thickness variation, lamination and surface defects, and 
the first operation on a pair of selected plates is to shear 
two edges at right angles prior to flame-cutting the rough 
profile of the magnet throat. A magnetic head working 
from a dowelled template controls the profile shape, 
which leaves }, in. for final machining. 

The next operation, welding, presented a number of 
problems arising from the rigid specification, which called 
for weld metal of approximately the same chemical 
analysis and with 90°, of the mechanical properties of 
the parent plate. The plates after welding must be flat, 
without any puckering ; no undercutting at the edges 
of the weld and no thinning down of the plate would be 
permissible after the penetration and_ reinforcement 
metal had been removed by grinding. 

To meet these requirements, a special electrode and 
an effective means of jigging were essential, and in a 
period of a few weeks the Quasi-Are Company developed 
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Welding two 5 ft. plates together on the special purpose 
Fusarc CO, automatic welding machine. 


a continuous electrode suitable for use with a Fusare CO, 
process welding machine. In the early stages of produc- 
tion, trouble was experienced with transverse cracks and 
fissuring, attributed to the high silicon and low man- 
ganese content of the steel, but a satisfactory electrode 
was evolved which gave welds entirely free from cracks, 
and the weld metal analysis was approved by Harwell. 

The Quasi-Are Company also co-operated with 
Sankeys in the development of a suitable jig, which has 
a total clamping pressure of 60 tons, distributed to 
twelve individual pads of 12 in. length, the bed girder 
being capable of withstanding these forces without 
distortion. Four removable water-cooled copper backing 
bars were made with a camber for the correct amount of 
plate deflection to off-set welding distortion. 

The close square butt type of weld preparation is used, 
and Fusare & s.w.g. continuous electrode is used as the 
filler material with a current setting of 540A. at 28-30 V. 
The welding speed is approximately 17 in. min., and full 
joint penetration is achieved; the cambered copper 
backing bar is grooved (} x 4 in.) to assist in this 
connection. Close square butt joints are again used with 
the 4in. thick plates, one pass being made from each 


side. The plates are turned over for welding on the 
other side in a Sankey-designed special purpose 
manipulator. 


Weld dressing is a two-stage operation in which a 
mechanised grinder takes off the gross excess, and the 
final finishing and polishing is effected by pneumatic 
hand tools using Tryolite 9 in. dises. Very close control 
is exercised to prevent undercutting below the plate 
surface. 


Annealing 


Annealing the plates, by heating stacks of them in 
bell-type furnaces to a temperature in the region of 


x4) C. and cooling them again, is carried out in order 
to flatten them to within # in. over the whole area, 
homogenise the structure, and develop the optimum 
electrical properties. 

The size of these plates—roughly 10 ft. square—led to 
difficulties being encountered in the way of distortion, 
due to excessive temperature variations in a stack 
arising from too rapid heating or cooling. In order to 
discover the thermal pattern during heat treatment, as 
many as 26 thermocouples were placed in a stack of 
plates at various positions and the temperatures 
recorded. 

An experimental anneal was carried out which took 
a month to complete, the charge being heated and cooled 
at a rate of some 3°C. per hour. This produced flat 
plates, but was much too slow for a production operation, 
and it was eventually established that flat plates could 
he produced with an annealing cycle of a little over a 
fortnight. The experimental work located the hottest 
and coolest parts of a stack of plates during an anneal, 
and the maximum permissible temperature differences in 
a plate at various temperatures during the cycle were 
established. 

Another flatness problem arose from the fact that the 
plates, as received from the rolling mill, are slightly 
thicker at the centres than the edges, and to overcome 
this the thickness at six positions on a representative 
number of plates from each cast was measured and 
compensation allowed for this crowning effect. As the 
amount varies from cast to cast, tables have been drawn 
up for amounts of crowning ranging from 0-002 in. to 
0-012 in. The actual compensation is made by inserting, 
at specific positions within the stack of plates, pieces of 
cold reduced strip 0-013 in. thick and in widths varying 
from 3in. to 18in. These in effect fit into the gaps on 
the edges of the plates and support them when they 
become plastic at the higher temperatures. : 

The furnace system finally developed comprises the 
elements on the four walls of the bell, the hearth 
elements, and a specially developed * throat heating 
block.’ These three heat sources total some 500 kW. 
and are controlled independently to maintain the 
thermal differences within the safe limits. 

The insulated cooling cover has an air gap between the 
inner shell and the insulation layer. By operating flaps 


A stack of magnet laminations ready for annealing: note 
the throat heating block being lowered into position. 
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at the bottom of the sides of the hood and on 
the outlets on the top of the hood, it is possible 
to regulate to quite a close degree the rate of 
flow of air through the gap, and so to govern 
the rate at which the temperature of the stack 
falls. It has been found possible to reduce 
the cooling time under this type of hood from 
five days to three days and so meet production 
rates. 

The technique finally adopted involves 
stacking the plates on a flat base of 1 in. thick 
mild steel plate which is level to within } in. 
over the whole area of 100 sq. ft. The plates 
are stacked one at a time, together with the 
compensation strip, until a height of 4 ft. 3 in. is 
reached. The full charge, when completed, 
weighs approximately 80 tons. Twelve thermo- 
couples are then placed in the charge and 
the throat heating block lifted into position. 
An inner cover of 17°,, chromium steel is then 
placed over the charge, forming a sand seal 
at the bottom. Into this is fed Hi-Nitrogen 
gas, as a protection against oxidation, during 
the whole annealing process. 

The bell furnace is then placed over the charge and the 
temperature raised slowly at the specified rate. About 
eight days are required to reach the final temperature 
in the region of 800° C.—and during this time the three 
sets of elements are automatically controlled by pro- 
gramme controllers. Cooling then takes place, firstly in 
the furnaces and then under the variable insulation 
cooling hood. The complete cycle from the placing of 
the furnace on the charge to the removal of the charge 
is about sixteen days, during which time some 20,000 
kWh. of electricity are consumed. 


Reference was made earlier to the importance of 


randomisation in the drawing of plates from. store. 
Further randomisation is carried out after annealin \ 
completed sector must contain plates from at least 
casts, and these must come from at least four annea, 
charges, with all three annealing positions (top, middie 
and bottom) represented, and all positions within the 
ingot included. The ingot positions follow automatically 
from the initial randomisation at the plate preparation 
stage. 

From the annealing furnaces the plates are placed on 
the randomisation beds. There are fifteen beds arranged 
in three rows of five, and plates from any one cast are 
placed on a set of three beds. All the top sections of the 
various annealing charges are placed in one row of five 
beds, all the middle sections in another row, and the 
bottoms in the third row. A sector is drawn off the beds, 
using magnets on an overhead crane, by taking one 
plate of each pile in turn, going along the rows of five. 


Shearing, Finishing and Insulating 


After shearing the plates on all four sides, true and 
square to each other toa + 4 in. tolerance, the necessary 
holes are drilled, prior to surface finishing. Using an 
overhead crane fitted with lifting magnets, the plates are 
placed on a table standing 2 ft. 6 in. above floor level, and 
there an electrically operated sanding machine equipped 
with cloth-based silicon carbide abrasive is passed 
across the surface of the plate in two directions. The 
plate is then transferred to a second table for the de- 
burring of all the holes and edges with portable sanders, 
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Laminations on the randomisation beds after leaving the annealing 


furnaces. 


before being turned over and the second side treated as 
the first. 

After inspection the plates are placed in a steam coil 
heated soaking pit where, after 24 hours, they acquire a 
temperature of approximately 80°C. They are then 
removed singly and weighed; by using 42 or 43 } in. 
laminations, with or without ome } in. lamination, it is 
possible to control the sector weight to 252 Ib. on a 
total weight of 41,944 Ib. (18} tons) 

The weighed plates are then passed through an auto- 
matic spray booth where an insulating coating of 
D.R.N.S. is applied to the top surface. The heat of the 
plates dries the coating and as they pass out of the booth 
the D.R.N.S. is hardened by the direct heat from gas 
jets. The D.R.N.S. coating is a Sankey development 
which can withstand temperatures up to 800° C. without 
adverse effect on its insulating properties, and which 
does not interfere with welding operations ; it is not 
affected by water or transformer oil. 

Building Operations 

As there is a three-day building cycle, three building 
beds allow a continuous flow of work to be maintained. 
The first 4 in. plate is brought by overhead crane from 
the D.R.N.S. stockpile and the top and underside 
carefully inspected before being covered with insulating 
paper ; narrow crown compensating paper placed along 
the two edges and varnished; and the necessary 
additional insulation coated with resin placed round the 
throat area. The other plates are treated in the same 
manner and placed one by one on top, finishing with 
another 4 in. plate. As each plate is added a resistance 
reading is taken between it and the preceding one. 

Fourteen insulated tie bolts are inserted and tightened 
to 20 Ib. ft. with a torque wrench. A shaped grid is then 
placed on top of the sector, 50 tons of weights distributed 
on it, and an electric heater placed within the throat to 
accelerate curing of the resin overnight. Sideplates are 
then welded in position, the tie bolts are tightened to 
100 Ib. ft. torque, and a rapid-curing resin is applied to 
the nuts to lock them in position. Work on the building 


bed completed, the sector is raised to an upright position 
and the few welds which were inaccessible on the building 
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On 


Surface finishing the annealed laminations by 
means of a ‘“‘floor polisher’’ type of machine. 


bed are completed. After spraying with grey paint, the 
sector stands eight days to allow temperature stability 
to be achieved before machining. 

In the meantime the coil brackets and lifting lugs are 
fabricated as sub-assemblies by manual welding with 
rutile-iron powder electrodes, ready for welding to the 
sector after final machining. 


Machining 

The close tolerances called for necessitate strict control 
of all machining operations, and a rigid sequence has 
been established. 

Each sector must age for at least eight days before any 
machining is attempted, to ensure throughout its mass a 
temperature constant to within 0-75° C. Any variation 
greater than this amount will cause movement in the 
extremity of the throat of up to 0-O002in. 11°C. An 
allowance of 000025 in. has to be made on the 23-000 in. 
throat gap dimension for every degree above or below 
20° 

The minimum amount of clamping is employed, other- 
wise distortion takes place. Two fixed clamps only are 
used, all others being adjustable, and for the final 
machining of the active face the sector is held with 
searcely any clamping at all. 

Apart from the slot maching, for which a Clarkson slot 
mill is used, all operations are carried out with 14 in. 
diameter face cutters fitted with tungsten carbide blades. 
For rough machining the throat and for machining the 
4° taper on the rear of the sector, ten negative-rake 
blades are used, each blade being mounted progressively. 
For final machining the throat, seven positive-rake 
blades mounted in line are used. No burrs between 
laminations are permitted, since they would cause 
electrical short-circuiting, which cannot be tolerated 


the nearest building bed the side plates are being welded 
on to the insulated laminations held down by 50 tons of 


distributed weights. 


under any circumstances. For this reason, a freshly- 
ground cutter is used for each sector. 


Conclusion 


When machining is complete and the coil bracket 
assemblies welded in position, the sector stands for 
twelve hours to allow the heat to dissipate before final 
painting and inspection, when a complete dimensional 
check is made. The machined surfaces are given a 
coating of strippable lacquer for protection during 
despatch and subsequent handling at Harwell, where the 
high standards of accuracy in manufacture of the sectors 
will be maintained in the geometric alignment of the 
magnet to maintain the plane of rotation during com- 
mencement and completion of bursts of protons. 


Pera Council 


AT a recent meeting of PERA Council, Str Bast R. G. 
Tanoye, Bt., of Tangyes, Ltd., was elected Chairman 
of Council. Sir Basil succeeds Str LioneL KEaArRNs, 
C.B.E., Chairman and Managing Director, H. W. 
Kearns & Co., Ltd., Chairman of Council since 1946. 
Sir Lionel remains a Member of Council and of the 
Executive Committee of the Association. Mr. A. L. 
SrucuBery, Chief Technical Engineer of the Metal Box 
Co., Ltd., and Mr. G. R. Pryor, Chairman and Managing 
Director, Edward Pryor & Son, Ltd. were elected Vice- 
Chairmen of Council. 

At the 14th Annual General Meeting of the Association, 
Sranter, F.R.S., was re-elected President 
of the Association, and the following were elected to 
Council: Mr. R. W. L. Fry, Managing Director, E. W. 
Bliss (England), Ltd.; Mr. R. W. Many, Managing 
Director, Victor Products (Wallsend), Ltd.; Mr. G. E. 
Smiru, Director of Production, F. Perkins, Ltd.; Mr. 
A. W. Vickers, Engineering Works Director, K. & L. 
Steelfounders and Engineers, Ltd.; and Mr. G. W. 
Wricut, Technical Director, Asquith Machine Tool 
Corporation, Ltd. 
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Fretting Corrosion of Metals 


By R. T. Allsop, B.Sc., Ph.D. 


(G.K.N. Group Research Laboratory) 


Damage resulting from fretting corrosion is observed ina variety of engineering components 
including bearings, switchgear and bolted or riveted joints. 


The present review examines 


first the nature and occurrence of fretting corrosion and then discusses the various theories 


which have been proposed to explain the phenomenon. 


In a further section the effect of 


varying such factors as humidity, duration, load, ete., on the amount of damage occurring 
during fretting is considered, Finally methods of eliminating or reducing fretting 


metallic, or non-metallic, surfaces undergo slight 

relative movement has been variously described as 
fretting corrosion,! friction oxidation,? and false brinel- 
ling. The first reference to the damage associated with 
fretting was by Eden, Rose and Cunningham,‘ when they 
noted the appearance of the familiar brown debris on com- 
ponents of a fatigue machine. Other references to the 
subject were made in the years that followed, but it was 
not until 1927 that Tomlinson® made it the subject of an 
investigation. Subsequently, numerous other studies 
were made, amongst the most notable of which were 
those of : Fink,* Feng and Rightmire,’? Wright ,* Godfrey® 
Tomlinson, Thorpe and Gough,’ Uhlig.’ Feng and 
Uhlig." 

Feng,'* has criticised the use of the term “ fretting 
corrosion’; he argues that the available evidence 
suggests that the process is primarily one of mechanical 
wear, corrosion being only a secondary reaction confined 
to the wear product. It would, therefore, Feng suggests, 
be more realistic to use the term * fretting damage ”’ or 
simply “ fretting.’ Although it is considered that the 
objection raised by Feng to the term ** fretting corrosion ” 
is basically justified, it is now so widely used that it 
would probably be difficult to persuade authors to dis- 
card it in favour of the more realistic terminology pro- 
posed. 

In the past, several definitions of fretting corrosion 
have been suggested, but as the knowledge of the 
process increases they tend to become inadequate. A 
definition which typifies many of those proposed in 
recent years is that of Waterhouse,'® who defined fretting 
corrosion as the forms of damage which arise when two 
surfaces in contact and nominally at rest with respect to 
each other experience slight periodic movement. Feng,'* 
whilst agreeing that fretting occurs under the conditions 
specified by Waterhouse, considers the definition to be 
inadequate, on the grounds that damage similar to that 
visualised by Waterhouse can occur as a result of uni- 
directional rubbing contact between surfaces which 
were nominally not at rest. As an alternative, Feng 
suggests that fretting corrosion be defined as a form of 
concentrated damage initiated by metal transfer and 
wear between two contacting surfaces whenever the 
rubbing conditions favour the trapping of wear particles. 
Considering the current views on the mechanism of 
fretting, this definition would seem to be more appropriate 
than that of Waterhouse. 

Damage resulting from fretting corrosion is experienced 


v “HE damage which may occur when contacting 
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damage are suggested. 


Examples 
frequently quoted include rotating shafts carrying press- 


by numerous engineering components. 
fit members; the interfaces of laminated springs and 
those of plates riveted or bolted together, roller bearings 
in heavy equipment ; and ball races of cars transported 
by road or rail. It has also been reported in electrical 
switchgear subject to vibration. 

Fretting Corrosion in Dry Air 

The mechanism by which fretting corrosion between 
metallic surfaces occurs has been the subject of extensive 
discussion and speculation for many years. The formu- 
lation of a comprehensive theory has, however, been 
considerably hindered by the lack of quantitative data 
Although efforts to remedy this situation have increased 
in recent years, there remain numerous gaps in the 
knowledge of the subject which must be filled before the 
mechanism of fretting corrosion can be finalised 

The various processes which have been suggested to 
explain fretting corrosion are based largely on informa- 
tion available regarding ferrous materials; whilst, 
therefore, the views expressed below only relate directly 
to steels, it may well be that the principal features noted 
are also applicable to non-ferrous materials. 

Ignoring differences of detail between the various 
theories of fretting, the main point which appears to 
divide the investigators in this field is the role of oxygen 
when fretting occurs in air. Waterhouse" is of the opi- 
nion that the repeated formation and removal of oxide 
films from the fretting surfaces is responsible for the bulk 
of the fretting damage, i.e. the process is essentially one 
of corrosion accelerated by mechanical oscillation 
Uhlig.’® who has treated the problem mathematically, is 
in agreement with Waterhouse to the extent that he 
accepts that the chemical corrosion aspect can result in 
an amount of damage which cannot be neglected. On 
the other hand, his own calculations show that for the 
most part it is a mechanical wear process which is re- 
sponsible for the fretting damage which occurs. 

Wright" and Feng and Rightmire’ contend that the 
damage produced by oxide removal, as visualised by 
Waterhouse, is insignificant compared with that resulting 
from wear which is greatly accelerated by the presence 
of oxygen. The reason for the accelerated wear in 


oxygen is considered to be due to its ability to prevent 
continuous metal transfer between the surfaces, and to 
the abrasive oxide particles it forms with the material of 
the fretting specimens. 

Although numerous other investigators have contri- 


TABLE |.—EFFECT OF LOAD, SLIP, AND FREQUENCY ON FRETTING DAMAGE OF MILD STEEL; TOTAL TEST OF 67,800 CYCLES 


l'ressure - 
Load Frequency Slip Observed 

Corrected Uncorrected 
540 60 00036 1-3 1-0 
40, 60 00-0036 2-2 1-8 
2.000 60 0036 3:8 3-4 
5,000) 540/60 7-5 6-6 
5,300 56 60 0-0036 11°3 
5,300 258/60 00036 9-8 9-1 
5.300 540, 60 0-0036 7-9 6-8 
5.300 a40 60 0.0036 5-7 4-9 
5,300 1300/60 0-036 5-0 4-0 
5300 2000/60 - 0036 3-3 
5,300 3000/60 0-0036 6-6 
5,300 5660 0-0091 32-7 30-0 
5,300 540/60 0-091 23-0 14-8 
5.300 1500, 60 00091 24-2 9-7 
5,300 540, 60 0004 1-1 1-1 
540, 60 0 - 0036 6-5 
5,300 540, 60 00067 15-1 
40/60 06-0091 23-0 14-7 


Specimen Weight Loss (mg.) 


Calculated 


Total Chemical Term ‘Mechanical Term) Chemical Wear Mechanical Wcar 
(% (%) 
1-3 0-79 o-d1 61 39 
2-1 1-1 52 
3-5 1-5 2-0 45 57 
7-2 2-1 5-1 29 71 
26-2 | 20-8 54 4s 52 
10-3 4-9 5-4 29 71 
7-6 2-2 5-4 21 79 
1-4 5-4 14 86 
6-3 0-9 4 10 go 
6-0 0-58 7 93 
5-8 0-4 5-4 
34-4 20-8 13-6 61 39 
15-8 2-2 13-6 4 
0-9 13-6 6 
2-8 2-2 0-6 78 22 
7-6 2-2 5-4 29 71 
12-2 2-3 10-0 18 82 
15-8 2-2 13-6 14 56 


buted to the general theory of fretting corrosion, it is 
proposed in general to restrict the further discussion to a 
detailed analysis of the opinions of the workers mentioned 
above. This policy is adopted since it is considered that 
their views, in total, cover most of the possibilities re- 
garding the mechanism of fretting corrosion. 

Theory of Uhlig'® 

Uhlig has interpreted the facts available as indicating 
that there are two factors comprising fretting corrosion, 
one chemical in nature, the other mechanical. The 
chemical factor is concerned with the fact that as 
asperities of one of the fretting surfaces move over those 
of the other they remove the oxide layer, leaving a clean, 
active metal surface. This immediately reoxidises, only 
to be removed again by other asperities. There is thus 
the continual generation and removal of oxide films from 
the surfaces of the fretting components. The oxide re- 
moved constitutes the debris from the chemical compo- 
nent of fretting. In addition to removing oxide layers, 
projections from each surface will interact by the 
variously suggested mechanisms of wear to produce loose 
metallic particles. This, Uhlig considers as the mechani- 
cal component of fretting. Eventually the metallic 
particles will be oxidised. 

Taking the above as a qualitative picture of fretting, 
Uhlig has derived mathematically an expression which 
relates the damage resulting from the chemical and 
mechanical components of fretting to such things as 
load, slip, frequency, ete. He has further compared the 
fretting damage between steel specimens under various 
conditions, as measured experimentally, with the 
calculated values. These are shown in Table I, from 
which it can be seen that, except in cases where small 
loacd., frequencies or amounts of slip were used, the 
mechanical factor of fretting produces a large percentage 
of the damage occurring. 

Although in general agreement between calculated and 
measured fretting corrosion damage is fair, the analysis 
has been criticised on several grounds. Perhaps the 
strongest of these is that the mechanism visualised by 
Uhlig is an over-simplification of the true process, in 
that, in practice, the mechanical and chemical compo- 
nents are intimately related and cannot reasonably be 
separated. Other objections have been raised against 
Uhlig’s initial adoption of the logarithmic oxidation law 
and its subsequent approximation to the rectilinear law, 
and to the use of large amplitudes of oscillation which 


would introduce temperature and other effects not 
normally encountered. 

Theory of Wright'*1® 

The mechanism visualised by Wright for fretting 
corrosion is based on the view that the process is one of 
wear which is accelerated by the presence of oxygen, the 
acceleration being brought about by the ability of oxygen 
to prevent continuous metal transfer and to form 
abrasive oxide. 

Investigating the initial stages of fretting of steel by 
means of the electron microscope, Wright concludes that 
the initial damage is formed primarily by the ploughing 
action of what must be work hardened metal fragments 
transferred from the other surface. Debris is formed 
along and at the end of the tracks. Wright considers 
that during the continued fretting action the metallic 
part of the debris becomes roughened and distorted 
and fresh metal surfaces are exposed to the oxidising 
atmosphere. The final result is many minute oxide 
particles. The time required to complete the oxidation 
depends upon the size of the original particles, which is 
governed largely by the hardness of the original material ; 
with many of the softer materials the particles are 
visualised as being of the order of 10 microns in diameter. 
Where the fretting surfaces are hard, the initial particles 
are small and the oxidation process rapidly completed. 

Since, under fretting conditions, the amplitude of 
oscillation is limited, the fretting debris tends to be 
confined between the oscillating metal surfaces. Gradu- 
ally an intermediate zone of debris is built up. This 
zone is considered to have two effects upon the fretting 
process. Firstly, it will reduce or prevent intermetallic 
contact between the fretting surfaces and, secondly, it 
will reduce the actual slip between the debris and the 
metallic surfaces. 

The accumulation of oxide and the gradual loss of 
intermetallic contact means, it is suggested, that the 
wear process changes from one of metal transfer and 
ploughing to one of abrasion by oxide particles. The 
loss of slip at the surfaces of the bulk material means 
that the rate of fretting damage should decrease with 
time. Eventually, when the rate at which debris is 
formed is equal to that at which it escapes from the 
fretting area, the rate of fretting damage will become 
constant. 

In support of the view of fretting damage expressed, 
Wright has described the results of electrical resistance 
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measurements made between two fretting steel surfaces, 
the experiments being based on the principle that as 
metallic oxide develops between the surfaces so will the 
contact resistance alter. During the initial stages of 
fretting, violent fluctuations in contact resistance were 
noted, these being ascribed, either to large amounts of 
unoxidised debris being formed, or to new points of 
contact between the surfaces being established. Follow- 
ing this period of fluctuation, the measured resistance 
became steady, suggesting that an oxide compact of 
constant thickness had been formed bet ween the surfaces. 


Theory of Waterhouse™ 

Waterhouse, while acknowledging the possibility that 
a mechanical wear process could be responsible for 
fretting in an inert atmosphere, has proposed that the 
bulk of the damage occurring in air arises as a result of a 
chemical process of the type suggested by Uhlig, i.e. the 
repeated formation and removal of oxide films from the 
fretted surfaces. Several investigators,!?"* have ob- 
jected to this theory on the grounds that it is inconsistent 
with the bulk of the data available. Thus, the results of 
Uhlig, for example, indicate that the chemical compo- 
nent of fretting in most cases constitutes only a small 
percentage of thetotal damage. Again, a theory of this 
type ignores completely the close relationship which, the 
evidence demonstrates, exists between the chemical 
action and the action of mechanical wear. 

A further argument which has been advanced against 
the views of Waterhouse is that if the chemical process is 
responsible for the damage then no metallic particles 
should be detected in the debris. In fact, analysis has 
shown that metal is frequently present. Evans" has 
explained this apparent anomaly by suggesting that as 
oxide is removed so it removes with it adhering particles 
of metal. 

Feng and Rightmire’ have recently demonstrated that 
fretting corrosion (as measured by loss in weight) which 
occurs between steel test pieces in a CO, atmosphere is 
very similar to that occurring in air under otherwise 
similar conditions. According to the mechanism 
suggested by Waterhouse, the degree of fretting in CO, 
Feng and Rightmire argue, should be appreciably less 
than that in air, since the CO, constitutes an inert 
atmosphere. Waterhouse has countered this objection 
by suggesting that although reaction between steel and 
carbon dioxide at the temperatures in question was 
kinetically unlikely, it was none the less thermo-dynami- 
cally possible ; consequently, oxide films were probably 
being repeatedly formed on the surface of steel fretted in 
CO,. 

Theory of Feng and Rightmire? 

The theory of fretting corrosion formulated by Feng 
and Rightmire has much in common with that proposed 
by Wright. Their views are, however, based on a con- 
ception of friction and wear which differs somewhat from 
that propounded by Bowden and Tabor'® and others. 
According to Bowden and Tabor, weld junctions are 
formed between contacting asperities on metal surfaces. 
When the surfaces move relatively, shearing may occur at 
a junction or within either of the contacting metal 
surfaces. As Feng!’ has pointed out, such a process, 
although leading to metal transfer, does not give rise to 
the production of loose wear particles. He suggests that 
asperities which actually make contact are roughened by 
plastic deformation. The interlocking action of the 


roughened faces and the work hardening which results 
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Fig. 1--(a) Monotonic fretting damage v. number of 


oscillations curve ; (b) form of curve suggested by theory 
of Feng and Rightmire’. 


from plastic deformation means that, when the surfaces 
move relative to one another, one of a pair of interlocking 
peaks will be sheared off at a point some distance away 
from the interface. If the temperature rise occurring 
during shearing, relative to the degree of surface con- 
tamination, is sufficient to cause welding of the sheared 
particle on to the remaining high spot, then metal trans- 
fer from one surface to another will occur; if not, and 
providing the adhesive force is weak, the sheared 
particle will form part of the loose wear debris. 

Analysing the results of their fretting experiments on 
steels in terms of the above views on wear, Feng and 
Rightmire suggest that the metal surfaces used, which 
had been prepared by emery abrasion, possessed, ini- 
tially, an oxide film of the order of 50 A thickness. When 
fretting is commenced, this oxide film prevents metal 
transfer and loose wear particles are formed. The 
freshly exposed metal resulting from the formation of 
wear particles acquires, in the limited time available, an 
oxide layer only a few angstroms in thickness. Such a 
thin film is unable to prevent sheared particles being 
welded to the remaining asperities, and so the process 
changes from being one of metal particle production to 
one of metal transfer. As the transfer continues, the 
number of asperities carrying the clamping load will 
increase, and so the load carried by individual asperities 
will decrease. Each is, therefore, subject to a smaller 
degree of plastic deformation during contact, and so the 
nature of the process changes from metal transfer to the 
production of loose particles. The accumulation of 
oxidised debris eventually results in the process becoming 
one of abrasion which, being more effective than shearing 
in producing debris, results in an increase in the rate of 
fretting. Eventually, as the layer of wear product accu- 
mulates and slip decreases, the abrasive action declines 
and a constant rate of damage is reached. 

The mechanism of fretting corrosion proposed by Feng 
and Rightmire suggests that the relationship between 
fretting damage and the number of oscillations should. 
instead of being a monotonic curve of the type shown as 
(a) in Fig. 1, be of the general form shown as (4). Al- 
though earlier results by Feng and Uhlig and others have 
shown only the shape of (a), recently, Feng and Right- 
mire, studying the initial stages of the fretting of steels, 
have noted the discontinuity of curve (6) in Fig. | 
Further, they have shown, as their theory predicts, that 
the number of oscillations over which the plateau 
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Fig. 2.-Effect of press-fit pressure on endurance 
strength (after Petersen and Wahl*°). 


extends depends on the extent to which the atmosphere 
inhibits metal transfer from one surface to the other. 

Wright, acknowledging the possibility of a plateau in 
the early stages of the damage time curve, has suggested 
two additional reasons why the damage rate suddenly 
increases after a period of little activity, viz: 

(1) Transferred particles gradually oxidise and finally, 

after a period of time, are dislodged to become 
discrete wear particles. 
Repeated transfer of metal from one surface to 
another gradually builds into the surfaces thin 
oxide films, producing a zone mechanically weaker 
than the initial surface. 
oscillations, the oxidised surface zone 
transfer and asperity interaction produces loose 
wear particles. 

Which of these two mechanisms is more likely is, 
Wright considers, difficult to determine from the data at 
present available. 
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Assessment of Fretting Corrosion Theories 

In reviewing the evidence available to support the 
various theories of fretting corrosion, it is apparent that 
neither the “ corrosion * theory of the type propounded 
by Waterhouse, nor the accelerated wear concept of 
Wright and Feng and Rightmire, can be established as 
the correct process to the complete exclusion of the other. 
On the contrary, the evidence available suggests’ that 
both may operate simultaneously. The problem is, 
therefore, to decide whether the contribution of either of 
the two mechanisms is so small that it can be neglected. 
In the opinion of the author, there is nothing in the data 
available which suggests that the corrosion’ type 
of process plays anything other than an insignificant part 
in the fretting process. On the other hand, there is 
considerable evidence to support the “ accelerated 
wear " theories which have been proposed. 


After a given number of 


Fretting Corrosion and Fatigue 

Effect of Surface Damage 

The well-established influence of surface condition 
upon the fatigue properties of metallic specimens suggests 
that the surface damage which occurs during fretting 
may affect the fatigue strength of specimens to which a 
dynamic load is applied concurrently with, or subsequent 
to. fretting conditions. 

Essentially, fretting may produce two forms of surface 
damage, viz : 

(a) If, as suggested by Waterhouse," friction over the 
contacting surface is not uniform, the slip between 
the fretting components will, on a small scale, 
constitute a fatigue system, and there is the possi- 
bility that minute cracks will develop in the 
surfaces. Under fatigue loads of sufficient magni- 
tude, the cracks will propagate through the section 
and eventually cause failure. 

(6) The general roughening of the surface resulting 
from the removal of metal may give rise to stress 
raisers which will reduce the fatigue properties of 
the component. 

Visualising the two possibilities noted above, Water- 
house examined fretted surfaces by visual, Talysurf and 
non-destructive crack detecting techniques. The mag- 
netic powder method of crack detection failed to reveal 
any surface cracks of the type envisaged in (a) above. 
Visual and Talysurf examination showed that, in general, 
the surface cavities produced by fretting could be divided 
into two types—shallow dish-like depressions and small 
deep holes. Waterhouse suggested that the former re- 
sulted when abrasive oxide was able to escape from the 
initial point of attack between fretting surfaces. On the 
other hand, the deep holes would be formed when the 
debris was completely entrapped, abrasion continuing in 
a downward direction. A mechanism by means of which 
the pits formed in fretted surfaces are related to the 
entrapment of debris has also been suggested by Feng 
and Rightmire.? As a result of his investigation, Water- 
house concluded that the stress concentration effect of 
some of the deeper pits would be likely to result in a 
decrease in the fatigue properties of the material. 

The precise effect of surface damage produced by 
fretting on the fatigue properties of steels has been 
investigated by Warlow-Davies,'* using a_ two-stage 
experiment. In the first stage, the surfaces of the speci- 
mens were roughened by fretting, and in the second they 
were fatigue tested. It was found that fretting prior to 
fatigue testing reduced the fatigue limit of mild steel by 
about 13°, and of alloy steel by about 18°,. In contrast, 
Fenner et al.'* commenting on early experiments at the 
National Physical Laboratory, have pointed out that 
there have been instances where fretting fatigue speci- 
mens have failed at points away from areas quite ex- 
tensively damaged by fretting. 


Effect of Clamping Load 

Where both fretting and fatigue conditions are 
operative, the surface damage due to fretting is only one 
factor influencing fatigue strength; another is the 
clamping load applied between the two fretting surfaces. 
Peterson and Wahl,”° in their study of the fatigue proper- 
ties of steel shafts carrying fitted members, have observed 
(Fig. 2) that increasing the press fit pressure reduces, at 
least initially, the endurance strength of the shafts. 
After the pressure has reached a value between 5,000 and 
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10,000 Ib. sq. in., further increases have no effect on the 
fatigue properties. Similar results have been obtained 
(with a different experimental arrangement) for a 
titanium alloy by Liu, Corten and Sinclair.*! Horger and 
Niefert,2? in their investigation of various methods of 
fitting railway wheels on to axles, have noted that the 
more highly stressed shrunk-on wheels reduce the 
fatigue strength of the axles to a greater extent than 
pressed on wheels. 

The results of the previous investigations into the 
effect of fretting damage and clamping load on fatigue 
properties do not indicate clearly which of these two 
effects is primarily responsible for the reductions in 
fatigue strength observed. There is an obvious need for 
further research into this aspect of fretting. 

To be continued, 
REFERENCES 
1 Tomlinson, G. A., Thorpe, P. L. and Gough, H. J., 1939, Prec. J. Mech. E., 141, 


2 Fink, M., 1929, Oraan fur die Fortschritte des Kisenbahniwesens in technischer 


Beziehung, 84 405 


Group’s Expanding Research 

In 1958 the British Oxygen Group had an average of 
nearly four British patent applications and over 16 
foreign applications accepted for every month in the 
year. Illustrative of the spectacular and steady rise in 
the Group's research programme is the fact that the 
British Oxygen Group had 244 patent applications 
accepted last year, compared with 19 in 1950. 

Nearly half of the Group's patent applications accepted 
last year emanated from British Oxygen Research and 
Development (BORAD) in Morden, Surrey, which 
serves the scientific and technical needs of the Group. 
Formed first as a department and later as a company. 
BORAD has extensive laboratories and a large specialist 
staff striving to improve present techniques, develop 
new uses, and create new products. In addition, some 
of the operating companies have their own experimental 
and research facilities. 

Recent applications for patents concern such far- 
reaching developments as the use of oxygen and the 
suppression of fumes in steelmaking, and the Fusare 
CO, automatic welding process, which is outstanding 
both for its ability to make horizontal-vertical fillet 
welds at great speed and for its deep penetration. They 
also include advances in computer cutting, electric 
welding, gas cutting and air separation, as well as oxygen 
and nitrogen equipment for aircraft. The applications 
also embrace such diverse developments as a gas-cutting 
nozzle, a stove using butane, new chemicals, paint, and 
advances in the preservation of virus specimens. 


Large Impact Machine 


Tue Admiralty has recently installed at the Naval 
Construction Research Establishment, Dunfermline, a 
large impact machine, which is capable of delivering 
500,000 ft.-lb. of energy to a test specimen. This 
machine will be used to study the behaviour, under high 
rates of loading, of the various steels and welded joints 
used in warship construction. Although the primary 
use of this machine will be in connection with research 
for application in the construction of warships, it is 
expected that much of the information to be obtained 
will be of a fundamental nature, of value not only in 
other branches of engineering but also to steelmakers. 
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Consultants for the project were Professor J. F. Baker, 
O.B.E., F.R.S., Mr. A. M. P. Brookes and Mr. J. L 
Reddaway of Cambridge University; and, in early 
design studies, Viscount Caldecote was also engaged 
The machine was manufactured by Messrs. Fielding and 
Platt, Ltd. at the Atlas Works, Gloucester 


European Demonstration Tour 


AN ambitious attempt to show European countries the 
advances being made in electronic machine tool control 
systems and other industrial aids, such as closed circuit 
television, was launched by E.M.I. Electronics, Ltd., 
recently when a new demonstration unit left for Paris, 
venue for the Machine Tool Exhibition. Later, main in- 
dustrial centres in Belgium, Holland, Germany, Switzer- 
land and Italy will be visited. 

Stressing the importance of the tour, which will cover 
the major European industrial centres, Mr. C. Metcalfe, 
Managing Director of E.M.I. Electronics, Ltd., says : 
* We in E.M.L. believe that in Europe as in other parts of 
the world, there is only one way to sell new ideas—by 
taking the products into the customer's own backyard 
and showing him how they work.” 

The trailer has been fitted out as a complete modern 
workshop. There is a programmer's office where 
punched tape is prepared to produce any type of work- 
piece—from a simple two dimensional template to a 
three dimensional die. Dominating the workshop area 
is a large Kearney & Trecker milling machine of an 
entirely new type, which is capable of carrying out the 
most complex operations controlled entirely from punched 
tape. E.M.L.’s machine tool control systems, which 
enable profiling and die sinking to be carried out direct 
from blue print to finished part by punched tape without 
the use of a computer, can now be fitted to machine tools 
manufactured by the world’s leading companies. They 
provide one, two, or three dimensional control for any 
machine, operated either hydraulically or manually 
Simple programming enables master cams, templates, 
models or finished parts to be produced easily. The 
giant American Cincinnati company has adopted the 
E.M.I. system, and Russian experts have already 
expressed great interest in it. Future plans for the unit 
include tours behind the * Lron Curtain ”’. 


The new Foundry Atmospheres Laboratory 


at the Bordesley Hall headquarters of the British 
Cast Iron Research Association were the formal 
opening of the new building for the study of foundry 
atmospheres, which was performed by Dr. J. G. PEarcE, 
C.B.E. (Director of the Association until the end of last 
year), and the formal inauguration of the new cupola 
installation by Mr. E. Piayer, C.B.E. (President of 
the Association). These items represent, of course, 
just two aspects of the work of the Association, and 
visitors to Bordesley Hall found much to interest them 
in the other laboratories. 
Foundry Atmospheres 
Before performing the opening ceremony, Dr. Pearce 
traced the Association’s progress in the study of foundry 
atmospheres from the issue in 1947 of what is usually 
known as the Garrett Report to the present day. The 
Foundry Atmospheres Committee of the Association 
was formed in 1950, and soon established the policy that 
the most economical way of dealing with foundry dust 
was to trap it at the source and not allow it to contami- 
nate the general atmosphere. The foundry atmospheres 
team which was formed, and which will occupy the new 
premises, has two parts, one providing an advisory 
service for member firms, and the other an experimental 
unit charged with the task of evolving designs for trapping 
dust at the source ; of formulating proposals for venti- 
lating systems where this method is inescapable; of 
testing and trying out prototypes ; and of conducting 
performance tests on equipment manufacturers’ designs. 
The policy of trapping at the source has borne fruit 
in the designs evolved for pedestal grinders, portable 
grinders, cutting-off machines, chipping hammers, 
de-coring bars and wire handbrushes. With the special 
fettling benches now available, this adds up to an impres- 
sive contribution. Work has also been done on moulding 
sand, both by way of keeping down dust and in taking 
care of dust arising in mechanical sand conveying 
systems. At the knock-out and the pouring station, 


Vs highlights of the first of the two Open Days 


an up-draught ventilation system takes advantage of 
the rising thermal currents. 


Substantial reductions in 


B.C.1LR.A. 
Open Days 


Interesting Display 
of Work 


in Progress 


can be made when knock-out grids are 
hoods and flanges, but such enclosures 
limit access to the grid, and investigations are in progress 
on up-draught and side-draught ventilation systems 
designed to provide adequate access to all four sides of 


air volumes 
enclosed by 


the grid. In other instances, up-draught systems are 
best avoided, because dust generally arises below the 
operator’s breathing zone and is best dealt with by a 
down-draught system. 

The most acute problem is the jobbing shop, and 
especially the heavy floor-moulding shop without a 
common knock-out site, where moulds are knocked out 
at the moulding station, so that a general air-change 
system is necessary. Here collaboration between the 
ventilating engineer, the foundry planning engineer, and 
the equipment designer and manufacturer is of con- 
siderable importance, and in the Association the foundry 
operations planning team works closely with the foundry 
atmospheres team on new projects. 

The Committee has sponsored two conferences to put 
information over to industry, one in 1951 and the other 
in 1955, the report of the latter providing the most 
comprehensive record of work in this field yet published. 
The team was called on by the industry, through the 
Joint Iron Council, to give evidence at the public enquiries 
in London and Edinburgh which preceded the arrange- 
ments under the Clean Air Act, and the results of these 
enquiries fully justified the effort involved. 

During the period 1954-59, a total of £90,000 has been 
provided for this work from the Association's own 
resources, of which £25,000 has been spent on the new 
building. With these improved facilities, the team will 
have an opportunity of extending and enhancing the 
reputation it has achieved of being the chief authority 
in the U.K. on the production, dispersal and control of 
ironfounding dusts. 

Melting and Casting 


The role of the principal melting unit in the ironfoundry 
is likely to be filled by the cupola for many years to 
come, and a recent acquisition is a 30 in. diameter experi- 
mental cupola which can be operated with cold or hot 
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blast ; with or without water cooling; and with acid, 
basic or neutral slags. This unit, which was described 
in detail in our last issue, will be used for studies on 
cupola operation. 

A number of investigations are in progress on the 
soundness of iron castings, in the course of which it has 
been found that surface depressions or sinking defects 
which occur sporadically on light-sectioned castings are 
influenced by the degree of eutectic nucleation of the 
iron and the pouring temperature. A number of processes 
are being investigated by which the degree of nucleation 
may be reduced, with consequent improvement ip 
soundness. 

Studies of the soundness of ingot mould castings have 
shown that even in the most rigid moulds the wall 
thickness of the casting expands during solidification, 
and that the increase corresponds closely with the feed 
metal requirements. Keel block and 3 in. sphere 
castings provide sensitive test-pieces for the study of 
mould movement and casting expansion during solidifi- 
cation, and it has been shown that in all compositions 
of grey iron soundness increases as mould rigidity 
increese;. This work has been largely inspired by the 
current belief that shrinkage in grey cast iron is largely 
the result of expansion of the casting. 

The complicated shape of the K-bar test casting is 
believed to be one of the major factors influencing 
the shrinkage behaviour of this casting, and work is 
being carried out to study the casting dimensions, with 
the object of understanding the relationship between 
factors which influence soundness and the effect of the 
mould. 

Other aspects of this work include a study of the 
effect of carbon content on the soundness of iron castings 
in green sand moulds, and the effect of solidification 
sequences on soundness. 


Prototype bifurcated hood for studying up-draught 
ventilation of foundry knock-outs. 
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Plunging magnesium into molten cast iron. 


Moulding 


In addition to a comprehensive selection of routine 
sand testing equipment, the sands laboratories have 
available an apparatus developed by the Association 
to determine the volume and rate of evolution of gas 
from a baked core when heated, and equipment for the 
determination of the volatile constituents in a moulding 
sand, from which live coal dust can be calculated. The 
original radio frequency heater and stress-strain recorder 
developed by the Association to show the relationship 
between scabbing tendencies of a sand and its high 
temperature properties, which vary according to the 
additions made to the sand, is finding application in a 
study of the relation of high temperature properties of 
moulding sand to the types of coal dust available for 
use. Work is continuing on the design and construction 
of a higher frequency and higher power radio frequency 
heater than the unit so far successfully used. 

A study is being made of the methods which may be 
employed to obtain sound castings from a normal green 
sand mould. Points under consideration include the 
use of high pressure moulding, the assessment of the 
term “rigidity ’’ when applied to sand moulds, and the 
effects of various additions to green sand to improve the 
soundness of castings obtained. The fundamental 
properties of green sand are being studied in order to 
evaluate the characteristics that enable the mould to be 
rammed and subsequently stripped from the pattern 

Most of the factors influencing the properties of shel! 
moulds have been studied, and the testing apparatus is 
now used as a method of controlling and assessing the 
properties of the sands and resins used in the process. 
It is intended to study the high temperature properties 
of shell moulding materials. 

Other work in this section includes an investigation 
to establish the most suitable sand or addition to the 
sand to eliminate metal penetration if necessary in the 
CO, process. 
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Eutectic cell counting 


Types of Iron 

Foundry /ron— An interesting extramural investigation 
has demonstrated the possibility of producing low 
phosphorus foundry iron using only native iron ores as 
raw material. Oxygen blowing trials carried out on the 
30 ton scale in the Kaldo high speed rotary converter 
in Sweden have shown that dephosphorisation of a high- 
phosphorus basic iron can be followed by recarburisation 
in the same vessel, and that the process is the most 
economical for producing low phosphorus foundry iron 
under present-day conditions. 

White and Chilled Cast Irons—Among the investi- 
gations in progress on white and chilled cast irons are 
(a) one in which the solidification mechanism of white 
cast iron is being studied by means of cooling curves 
and quenching studies, and (6) another on microstructure 
and undercooling during solidification in relation to 
composition. The effect of the degree of nucleation on 
chill depth and mottle spread in chill test castings of 
varying size has been investigated, and the mechanism 
of mottle formation is being studied by thermal analysis, 
and the influence of trace elements on chilling tendency 
examined. The incidence of hot tearing in white irons 
is being investigated in relation to physical and chemical 
factors. 

Factors controlling as-cast grain size in the 30°, 
chromium irons form the subject of further experiments, 
and studies are in progress on the constitution and heat 
treatment of 27°,, and 33°,, chromium cast irons with 
varying carbon and silicon contents. 

Malleable Iron—The influence of carbon, silicon and 
phosphorus contents on the mechanical properties of 
ferritic blackheart and pearlitic malleable irons produced 
under different heat treatment conditions is being 
studied, and special annealing facilities are being 
developed to provide annealed malleable iron test-pieces 
with a minimum of surface oxidation. 

The aim of a study of the suppression of mottle in 
high silicon blackheart malleable iron is to improve the 
tensile properties and annealability, and experiments 


are being conducted to show that additions of bismuth 
and boron may be made to such irons to obtain completely 
white structures in heavy sections. 

Graphite Formation—Work continues on an investi- 
gation to establish how graphite originates in cast iron 
whether it forms directly by crystallisation from the 
melt, or indirectly due to breakdown of carbide. A 
correlation is being sought between graphite coarseness 
and the rate of eutectic cell growth, and the influence of 
composition on the number of eutectic cells and on the 
rate of growth at any particular level of undercooling is 
also being studied. 


Gases in Cast Iron 

Further investigations into the factors affecting 
pinholing in cast irons are in hand. These involve the 
effects of various additions to the iron, and of various 
mould treatments, and in the course of the work a 
number of industrial examples have been investigated. 
The effects of small amounts of various elements dissolved 
in ferro-silicon are under investigation, with the object 
of producing an efficient inoculant which will not increase 
the tendency of inoculated irons to pinhole defects. 

Other investigations in progress in this field concern the 
effect of hydrogen on the graphitisation rate of malleable 
iron and its relation to other elements, together with the 
effects of preliminary heat treatment at 300-500° C.; 
and the relation between gas evolution during the enamel 
firing process and the incidence of ** boil ’’ in the enamel 
coat. No correlation has been found and a more practical 
approach is planned. 

Mechanical Properties of Cast Iron 

With a view to increasing the limiting temperature 
of 232° C. for cast iron for steam engineering applications 
to a more realistic temperature—probably about 343° C. 

growth tests have been carried out in air at tempera- 
tures up to 500° C., for periods up to 64 weeks, and in 
steam at temperatures up to 427° C., for periods up to 
49 weeks. No growth was found at temperatures below 
400°C. Before the limiting temperature can be raised, 
creep data are required, and tests are at present in 
progress on an unalloyed flake graphite cast iron at 
350° C. and 400° 

Mechanical tests to find the effect of phosphorus on 
the general relations between mechanical properties, 
section size and chemical composition have recently 
heen completed. Tests are in progress to correlate the 
mechanical properties of cast iron with eutectic cell size, 
and also to test relations established by other workers. 


Corrosion 

Two aspects of the corrosion of cast iron have been 
under investigation by the Association, namely, pitting 
of ships’ propellers and corrosion of internal combustion 
engines by antifreeze solutions. With the support of 
the British Shipbuilding Research Association, field tests 
have been carried out to examine the effectiveness of 
cathodic protection against severe pitting attack in cast 
iron propellers. An effective measure of protection is 
given provided that electrical continuity does not exist 
between the shaft and the hull. Work continues to 
explain why some propellers require abnormally high 
current densities for complete protection, and to investi- 
gate the suitability of various coating materials to 
provide protection in ships where electrical continuity 


is present. 
Evidence to date shows that the corrosion attack on 
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diesel engine waterways is caused by the accumulation 
of acidic oxidation products of the glycol in the coolant. 
It is probable that the formation of these products, 
the chief of which is formic acid, is accelerated by the 
loss of the copper corrosion inhibitor from the solution, 


New and Revised 


FOR THE ANALYSIS AND TesTING OF COAL 
AND COKE 
B.S.1016 Parr 7: 1959. ULrimare ANALYsIs OF COKE. 
Price 7s. €d. 
B.S.1016 Parr IL: 1959.) Forms or Coan 
Price 4s. 6d, 
In the revision of B.S. 1016 : 1942, the veries of analytical 
and physical tests are now being issued in separate parts, 
of which the first six have already been published. Parts 
7 and II are now available ; and syropses of their con- 
tents are given below: Part 8-10 are in the course of 
preparation. 

Part 7 deals with the determination by specified 
metheds of the major constituents of coke, namely 
carbon hydrogen, nitrogen and sulphur. The Liebig 
method for carbon and hydrogen has been slightly modi- 
fied in detail from that given in the 1942 edition ; further- 
more, the use of oxygen only for combustion is now 
specified, particularly for a new high temperature 
(1.350° C.) alternative method. The macro Kjeldahl 
method for nitrogen has been excluded because of the 
difficulty of specifying the maximum time of digestion. 
Instead, a semi-macro method, using finely ground coke 
and a mercuric sulphate catalyst, has been specified. 
An improved Eschka method for sulphur has been intro- 
duced, and an alternative high temperature method has 
been added for use when numbers of samples have to be 
analysed, or when results are required urgently. In 
general—apart from the necessary modifications—the 
methods follow those already specified in Part 6 for the 
ultimate analysis of coal. 

Part Il deals with the determination of sulphate 
sulphur, pyritic sulphur and organic sulphur in coal. 
Here the classical method of Powell and Parr specified 
in B.S. LOL6: 1942 has been somewhat modified, diges- 
tion time for the hydrochloric acid extraction having been 
reduced from 40 hours to 30 minutes, and that for the 
nitric acid extraction from 24 hours to 30 minutes. It 
has been shown that an indirect calculation of pyritic 
sulphur content from the amount of pyritic iron present 
is more accurate than a direct determination. Organic 
sulphur is obtained by calculation, the sum of the sulphur 
and the pyritic sulphur being subtracted from the total 
sulphur determined as in B.S. 1016; Part 6. 
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ALUMINIUM ALLOY SECTIONS FOR MARINE PURPOSES 
(B.S.2614: 1959) Prick 6d. 
REQUIREMENTS for two new series of aluminium alloy 
structural sections for marine use are included in this 
revised edition of B.S. 2614 : 1955. They relate to plain 
tee-bars for welding (from 14 in. 3 in. to 5} in. Sin.) 
and plain bulb plates for welding (from 3 in. to 8 in.). 
The series specified in the 1955 edition—bulb angles for 


riveting, tee-bars for welding, (with bead), bulb plates 
for welding (with bead) 
edition. 


have been retained in this 
A new dimension, an overall width for the bar. 
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and this loss is probably due to the corrosive effect of 
the amine present in the solution on the copper compo- 


nents. Work on the exact mechanism of the corrosion 


process in weak dilute acid solutions containing buffers 


is continuing. 


British Standards 


has been introduced into the tables for sections with 
bulbs; and the symbols for all dimensions have been 
amended so that they are, as far as possible in line with 
those used in B.S. 1161 (Aluminium and Aluminium Alloy 
Sections). The tolerance tables from B.S. 1476 
* Wrought Aluminium and Aluminium Alloys. Plate,” 
which were included in the earlier edition, have been re- 
placed by special tables of tolerances applying to each 
series of sections. Metric equivalents of all dimensions 
and tolerances have been calculated, and are included, 
for information, as separate tables. 

BRITISH STANDARD FOR STEEL WIRE FOR CoLD FORGED 
High Tensite Bours AND SIMILAR COMPONENTS 

(B.S.3111: 1959) Price 4s. 6d. 

Six types of steel wire suitable for the manufacture of 
high tensile bolts are specified in this new publication 
They comprise : one carbon steel and five alloy steels 
four of which are also to be found in B.S. 970, En Series 
Chemical composition is specified for each type, and 
allowance is made for the selection of alternative carbon 
and manganese ranges to meet required hardness values. 
Mechanical tests are also specified, but maximum dia- 
meter is not. In some respects the standard is a relaxa- 
tion of 2. 8.100 Inspection and Testing Procedure for 
Aircraft Steels ’ Section I1), since there is provision for 
agreement between purchaser and manufacturer on a 
limit of decarburization. 

Copies of these Standards may be obtained from the 
British Standards Institution, Sales Branch, 2, Park 
Street, London, W.1. (Postage will be charged extra to 
non-subscribers) 


Distington Continuous Casting Division 
DisTINGTON ENGINEERING Co., Lrp., 
The United Steel Litd., has established a 
tinuous Casting Division which will specialise in the 
design and manufacture of continuous casting plants 
for both ferrous and non-ferrous metals. The Division 
is currently engaged in design work for a wide slab 
machine which is to be installed at Ste. des Fonderies de 
Pont-a-Mousson in France, and which will be capable of 
producing continuously cast slabs up to 50 in. wide and 
from 4 to 8 in. thick. 

Distington is participating in this project and will 
design and build continuous casting plants on behalf 
of, and under licence from, Concast A.G., of Zurich, in 
which United Steel recently became shareholders. The 
personnel of Distington’s Continuous Casting Division 
have been closely associated with the experimental 
machines which have been developed and operated by 
United Steel since 1952. This experimental work is still 
continuing, and the current programme includes the 
production of continuously cast slabs, 36 in. wide and 
5 in. thick, and of 9 in. square billets. Killed, rimming 
and stainless steels have been cast successfully in these 
sizes, and rolled into high quality plate and strip. 


a subsidiary of 


Cos.. Con- 


Modern Ingot Mould Foundry at Dowlais 
Completed during Bicentenary Year 


UST two hundred years ago, a solitary blast furnace 
was built on a lonely Welsh hillside, and in 1760 
John Guest left his home town of Broseley, Shrop- 

shire—where he combined the unusual pursuits of 
farmer, iron-founder, brewer and coal dealer—to manage 
the new furnace. Thus began the association of Dowlais 
with iron and steel, an association which was to bring 
world renown to the unknown Glamorgan village. The 
works then established pioneered many of the early 
processes of the iron and steel industry and made many 
of the rails for the great railway projects of the world, 

By 1840 Sir Josiah John Guest—John Guest's grand- 

son—was in charge of a works operating no fewer than 
eighteen blast furnaces. At that time the works was the 
largest in the world and, together with the associated 
coal mines, employed 10,000 workers. 


the few great women in industry, his widow, Lady 
Charlotte Guest. From 1856 until his death in 1882, the 
works was under the management of William Menelaus, 
and during this period the first Bessemer steel rail was 
rolled (in 1865), and a new rolling mill, twice as big as 
any in Britain, was installed. It is interesting to note 
that the Dowlais Company took out the first license for 
the Bessemer process little more than a fortnight after 
its announcement in August 1856. 

As local reserves of iron ore became exhausted, the 
works had to rely increasingly on imported supplies, and 
the company took the lead in forming the Orconera 
Company, at Bilbao, to ensure a supply of Spanish ore. 
A coast site had advantages for a works relying on 
imported ore, and the Dowlais company was one of the 
first to take the bold step of building a steelworks on 
the coast at Cardiff in 1888. 

Down to 1900, the owners traded as the Dowlais Iron 


On the death of 
Sir John in 1852, control of the works passed to one of 


Company and in the ensuing two years became succes- 
sively Guest Keen and Co., Ltd., and Guest, Keen and 
Nettlefolds, Ltd., as a result of acquisitions and amal- 
gamations. The Lysaght works at Newport were later 
taken over by G. K. N., and in 1930 Guest Keen Baldwins 
Iron and Steel Co., Ltd., was formed by the amalgama- 
tion of the heavy iron and steel interests of G. K. N. at 
Dowlais and Cardiff, and of Baldwins, Ltd., at Port 
Talbot and Margam. Beginning in 1934, the new 
company completely rebuilt the Cardiff works for the 
comparatively modest sum of £3 million, and plans were 
later made for building a vast steel plant and wide strip 
mill at Port Talbot, but World War II prevented the 
carrying out of the project. After the war, the 
company became the biggest shareholder in the steel 
group that launched The Steel Company of Wales plant 

the biggest and most up-to-date in Europe—at Port 
Talbot. The company was nationalised in 1951 and 
returned to private enterprise in 1954, becoming a wholly- 
owned subsidiary of Guest, Keen and Nettlefolds, Ltd., 
and taking the name of Guest Keen Iron and Steel Co., 
Ltd. In 1958, a further step was taken to safeguard the 
future when the company, jointly with The Steel 
Company of Wales, announced an iron ore terminal 
project for the Milford Haven area. This will provide 
deep water docking facilities for the giant iron ore 
carriers of the future, and enable ore supplies to be sent 
to the Cardiff works by small coasters. 

Although steelmaking at Dowlais ceased in 1930, the 
company’s foundry on the site of the historic Ivor works 
has been progressively expanded and modernised, and 
the latest expansion—the building of a new ingot mould 
foundry at a cost of £2 million—both marks the bi- 
centenary of the company and gives proof of its con- 
fidence in the future of Dowlais. 


General view of the ingot mould foundry with the stockyard on the right. 
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View of the moulding bay. 


The New Foundry 


The new ingot mould foundry is one of the most 
modern and best-equipped in the world. It has a weekly 
capacity of 1,000 tons—double that available previously 
which could be increased considerably by shift working 
should it prove necessary in the future. All the ingot 
moulds for the Cardiff works will be supplied by Dowlais, 
together with half the moulds needed at the Port Talbot 
works of The Steel Company of Wales. 


The excavation of some quarter of a million cubic 
yards of material was involved in the building of the 
foundry, which was completed in record time: work 
commenced on July Ist, 1957, and the first metal was 
cast on November Ist, 1958. The buildings are of 
all-welded portal frame construction and cover an area 
of 164,000 sq. ft., the casting bay measuring 560 ft. » 
66 ft.. the moulding bay 480 ft. « 66 ft., the middle bay 
480 ft. «37 ft., and the cupola bay 200 ft. x40 ft. The 
last-named has adjacent to it a 190 ft. » 34 ft. stockyard 
with a capacity of 8,500 tons. Two 12-ton cranes serve 
the stockyard, a 7}-ton crane the middle bay, one 
20-ton and two 30-ton cranes the moulding bay, and 
three cranes of 30-, 40- and 70-ton capacity the casting 
bay. Gantry rail cleats are stud welded, and all rails 
are held in position on rubber pads by rail clips supplied 
by G.K.N. (Cwmbran), Ltd. 


Sand Plant and Moulding 


Sand is brought by road from Stourbridge and stored 
in a 500-ton bunker, whilst an adjacent 40-ton bunker 
is used for Fulbond, brought by road from Redhill. 
Moulding sand is prepared in 4,000 1b, batches, using 
two mills with a combined output of 38 tons hr. A 
laboratory on the plant serves to control the finished 
product, which has a 9°, clay content, a green strength 
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of 4-5 Ib. sq. in., a dry strength of 
00 Ib. sq. in., and a water content 
at the mill of 7°,,. which falls to 
64°,, at the sand slinger. 


The travelling 50 ton hr. capacity 
Beardsley and Piper Speedslinger 
used for moulding incorporates a 
sand plough on the feed belt as a 
special feature. The operator's seat 
is on the head of the machine and 
he controls all movements from 
that position as he travels round 
with it. A range of moulds is made, 
the finished mould weight being 
slightly greater than that of the 
ingot to be cast in it. A small 4-ton 
finished weight mould can be 
rammed in 10 min., whilst the 
largest, a 25-ton one, takes 40 min 
The bottom plates cast in the 
foundry range from | to 8 tons 
finished weight. 


The moulds are sprayed with 
blacking and dried oil-tired 
stoves featuring overhead jets and 
a down-draught system. Fuel of 
950 sec. viscosity is used to heat 
the stoves to 350°C. and the drying time is 12 hr. 
(overnight). Near to the stoves is a ladle drying station, 
where town's gas firing is used. 


Metal Melting 


The three specially designed cupolas are 95 ft. high 
(106 ft. from floor level) and have an overall diameter 
of IL ft. The stack is lined to an internal diameter of 
8 ft. with bricks supplied by G.K.N. (Cwmbran), Ltd., 
and the charging hole is 26ft. above the bottom. 
Mechanical charging is used, and the metallies——con- 
sisting of hematite pig iron and scrap—are charged in 
$-ton batches. Old ingot moulds form part of the serap 
charged and reference may be made here to an interesting 
development at Dowlais in the breaking-up of such 


Beardsley and Piper Speedslinger in operation. 
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moulds. The old method involved 
dropping a heavy steel ball from a 
great height onto the mould, but 
this gave rise to awkward corner 


pieces which were difficult to 
break further difficult to 
handle. A new system has been 


developed which is much more 
efficient, and, incidentally, much 
more spectacular. In this, the 
moulds are placed in a depression 
in the ground and are then filled 
with water. An explosive charge is 
then detonated inside the mould, 
and fracture takes place at each 
change of section, with the result 
that the pieces left may readily be 
broken to a size suitable for charg- 
ing to the cupola. At first sight this 
might seem a dangerous procedure, 
but there is less danger from flying 
pieces than with the old method : 
prudence demands, however, that 
one should keep out of reach of the 
huge column of spray which is sent 
up by the explosion. 

At present the cupolas are operating on cold blast, 
but provision has been made for the installation of hot 
blast plant should it prove desirable in the future. Air 
is supplied through eight tuyeres at a pressure of 45 in. 
w.g., and with a consumption of 14,000—16,000 cu. ft. 
min. a melting rate exceeding 30tons hr. can be 
achieved. The well can hold 10 tons of metal, and the 
cupola is tapped three or four times an hour, 8-10 tons 
being removed each time. A typical analysis is C 3-8°,,, 
Si 1-°5°,, S 0-06°,. P 0-09°., Mn 1-0°,. the 
temperature of the metal at the spout is 1,340°-1,350° C. 

Dust arresters of the wet type are fitted at the top of 
the cupolas, and the water from the arresters is used to 
granulate the slag from the cupola, which is tapped off 
every 35-40 tons. The water, dust and granulated slag 
pass to settling and dewatering tanks, where the slag 
and dust are extracted and sent to a tip, the water 
being recirculated after suitable treatment. 

The cupola bottom doors are hydraulically operated, 
and a specially designed car receives the whole drop, the 
coke, sand and slag being quenched and the coke 
recovered. G.K.N. (Cwmbram), Ltd., bricks are used for 
relining and major repairs, and patching is carried out 
with gannister compounds. 


Casting and Fettling 

The molten iron is bottom poured from the ladle 
through a 3in. nozzle, the teeming temperature being 
1,240°-1,260° C. and the time for a large mould about 
3 min. After casting, the moulds stand for about one 
hour for each ton of iron, following which the jackets are 
removed and the barrels pushed out by an ejector—a 
modified pile driver—in a matter of seconds, as com- 
pared with up to an hour using a 28 Ib. sledge hammer. 
The barrels and boxes are returned to the moulding bay. 
and the moulds are cooled in sand for 2 to 7 days. 

Following this slow cooling the moulds are cleaned on 
the shakeout before passing to the Hydro-blast station, 
where they are freed from sand with water at a pressure 


View of the casting bay with the ladle drying station on the right. 


of 2.300 1b. sq. in. The time of de-coring varies from 
25 min. for large bottle-top type moulds to 10 min. for 
small moulds. The wet sand is classified and reclaimed, 
the fines below 150 mesh being discarded and the rest 
returned to the sand plant for core making, using the 
CO, process. Suitable extraction plant is provided at all 
points where dust is likely to arise, such as the sand 
plant. cooling grid, and shake-out, the last-named being 
equipped with air curtains also. 


Other Departments 

The inauguration of the new ingot mould foundry has 
made it possible to concentrate on general casting 
production in the old iron foundry which has an area 
of some 60,000 sq. ft. and an output of 100 tons of 
jobbing and general castings a week. Individual castings 
up to 20 tons weight are made in B.S.1452 Grade 17 
grey iron and in special alloy irons. A_ particular 
feature of this foundry is that large quantities of hot 
metal can be made available—up to 750 tons a week 
for orders which require a minimum of moulding hours 
and a consequent large demand for iron, 

For machining the bases of the moulds and_ the 
bottom plates, the foundry is equipped with a rotary 
planer and a drilling machine. 

The 13,000 sq. ft. brass foundry has an output of 
some 3 tons a week, and is capable of making individual 
castings up to 2 tons in weight in copper and copper-, 
tin- and lead-base alloys, in addition to chill cast 
bronze bars up to 9in. diameter and 2 in. diameter 
continuously cast bronze bars. 

Other facilities at Dowlais include a pattern shop fully 
equipped with modern machines for the production of 
all types of metal and wooden patterns ; a well-equipped 
machine shop ; a structural shop where general engineer- 
ing work, including the construction of overhead crane 
girders, is carried out: and a clay mill producing 500 
tons a week of clay for furnace runners and blast furnace 
taphole clay. 


METALLURGIA 


Steel Industry Management Training 
Residential College Established at Ashorne Hill 


View of the mansion at Ashorne Hill. 


SHORNE HILL, the country mansion near 
Leamington Spa, has seen many changes during 


the last twenty vears. During the war it was the 
headquarters of the Lron and Steel Control, and housed, 
in temporary accommodation built on the estate, some 
600 members of the Ministry of Supply staff. Sub- 
sequently taken over by the British Lron and Steel 
Federation, it has served for several years as a con- 
venient centre for conferences, both technical and 
otherwise, connected with the iron and steel industry. It 
has also served other organisations for the same purpose, 


and it is estimated that over 30,000 delegates have 
visited Ashorne Hill during this period. The latest 


phase in its history was marked by the recent establish- 
ment at Ashorne Hill of the British Iron and Steel 
Federation Management College, the culmination of 
several years’ experimental work by the Federation in 
organising management courses, first on a regional, then 
on a national basis. 


Aim of the Courses 

The courses were originally proposed in a Report on 
Education and Training of Management in the Iron and 
Steel Industry approved by the Executive Committee of 
the Federation, and the aims were envisaged in the 
following terms :- 

** Experience in the iron and steel and other industries 
has shown that if a man is freed from the daily affairs of 
his department and given the opportunity to review his 
technical and managerial problems, both with other 
managers and with experts in particular subjects, he can, 
comparatively rapidly, not only consolidate his know- 
ledge and experience, but extend it and increase his 


personal effectiveness. It would, therefore, be of 
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advantage both to the individual and his company if, 
before being promoted to departmental manager, a man 
were given the opportunity of attending a residential 
course organised within the industry on a national basis 
to give him the opportunity of : 


(a) Drawing together the knowledge and experience 
he has gained piecemeal over a long period and 
viewing his own job in perspective 

(5) Adding to his existing knowledge, information 
about the latest technical and commercial trends 
in the industry : 

(c) Hearing and discussing the views of leading figures 
both from within and from outside the industry ; 

(d) Developing his capacity for analytical and con- 
structive thinking by studying and attempting to 
solve problems of particular current importance to 
companies in the industry ; 

(¢) Increasing his personal effectiveness by having 
individual practice in report writing, speaking and 
acting as the chairman, secretary and member of 
committees.” 


It was felt that such courses must be organised on an 
industry basis, since no company would have available 
at one time a sufficient number of men of suitable calibre 
Moreover, it would be most valuable for those attending 
to have the opportunity of working with men of similar 
status from other companies. Finally, it was necessary 
to ensure that the ablest men in the industry participated 
in the conduct of the courses. 


Management courses were and are seen as a logical and 
necessary step in a company’s own plan for developing 


The main conference room with a course in full session. 


a manager. They can contribute to a man’s capacity 
to manage, only if his previous and subsequent career in 
the company is adequately planned. 


Scope of the Courses 

The courses organised by the College to meet the needs 
of the industry are of two types. The first is of eight 
weeks duration, divided into two four-week periods with 
a ten-week interval. The second type consists of a 
two-week initial course, followed at a later date by two 
separate one-week courses. The difference between the 
two types of course is largely one of depth of treatment 
of the subject. The long courses provide more time for 
the discussion of inter-departmental problems, and are 
particularly suited to men from large works or large 
companies with interrelated works. The short courses, 
on the other hand, are designed mainly for men from 
smaller companies, and deal principally with rolling 
mills and finishing departments. 


Each course is designed for twenty-seven members, 
broadly representative of the various functions of 
management in the industry. Nominations for member- 
ship are made by the companies, but selection for a 
particular course is made by the College authorities, 
taking into consideration the necessity to maintain a 
balance between the various aspects of the industry. An 
ideal course would comprise nine representatives from 
production departments, six from engineering and 
maintenance departments, three each from research and 
accounts departments, and six from such other depart- 
ments as labour, welfare, education, sales, general offices, 
fuel engineering and traffic. 


During the two vears in which these courses have been 
in existence, the following branches of the industry have 
been represented: coke manufacture; ironmaking : 
steelmaking (open hearth, electric and Bessemer) 
section, rail and plate manufacture ; wide and narrow 
hot and cold strip rolling ; forging ; bright bar and wire 
manufacture ; tinplate manufacture ; and tube manu- 
facture. There have also been representatives for the 
Federation and the Iron and Steel Corporation, and 


from the Hindustan Steel Company, Durga- 
pur. 

The content of the courses and the methods 
of instruction are designed to stress the need 
for technical competence and for sound 
administration, to reveal the potentialities 
of new methods, and to clarify the broader 
issues confronting the industry and _ its 
management. To these ends much time is 
spent in considering problems arising from 
techniques now in use and from the develop- 
ment of new techniques ; also in studying the 
economic factors affecting the industry, and 
its system of labour relations. The remainder 
of the time is devoted to more general prob- 
lems common to all managers, and their 
implications for the iron and steel industry. 

A valuable feature of the courses is the 
project work, which embraces technical 
development and organisation. Work plan- 
ning, cost of production, maintenance and 
the economic use of labour are emphasised, 
together with the need for better communica- 
tions and accident prevention. For this 
work the course members are divided into 
groups, or syndicates, and each group is required to 
submit a solution to the problems presented. 


The details of the project naturally differ according to 
the type of course, but a typical one for a long course 
concerns an imaginary steel company, based either on an 
existing works or on a combination of different depart - 
ments of several works. The members of the course are 
presented with a broad outline of the resources of the 
company in terms of plant, manning and finance, and 
are told that the board has in mind an output of 20,000 
ingot tons per week as the future target. Certain 
additional information is given, such as the future 
availability of tonnage oxygen in the vicinity of the 
plant, the possibility of transferring ferro-manganese 
production elsewhere, ete., and the three specialised 
nine-member syndicates into which the course is 
divided are asked to examine in detail the steps 
necessary to achieve the required output from the point 


Syndicate work in small groups plays a large part in the 
courses. 
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of view of (a) ironmaking, (4) steelmaking, 
and (c) rolling. During the course of this 
work, the syndicates are supervised by 
members of the directing staff of the College. 
Each project culminates in the writing of a 
report, which is presented to the course as a 
whole and to an assessor. The latter is a 
senior executive from the industry, expert 
in the field being considered, and his com- 
ments and the ensuing discussion are gener- 
ally the highlights of the course. Subse- 
quently, the integration of the revised 
departments into a balanced works, the 
revision of management organisation, the 
more effective use of labour, ete., may form 
the subjects of further studies. 

practice are given in 
chairmanship and effective speaking, in 
report writing and interviewing, in the 
elements of costing and accountancy, and 
in industrial engineering, including opera- 
tional research, work study and statistical 


Instruction and 


methods. Visiting speakers lecture on 
the economics of the industry; methods 
and application of research ; labour 


relations and industrial law ; and management problems 
generally. 

Study groups are formed to consider subjects chosen 
by the groups from a short list of topies such as air 
pollution, European Free Trade, planned maintenance, 
cost control, and wage structures. A library is available 
for background reading and for information on specific 
problems. 

Case studies are concerned with people rather than 
with plant or processes, and members discuss difficult 
situations in order to stimulate thought and to further 
their understanding of such intangibles as co-operation, 
responsibility, authority and delegation. 

Works investigations, which form an important part 
of the long course, take small groups of members to 
works for two or three days to consider current problems 
presented to them for solution by the works concerned. 
The groups collect and examine the relevant information 
and prepare brief reports suggesting lines of action. 
Representatives of the companies later visit the course 
to discuss these reports with the members. 


Accommodation 

Accommodation for members of the course is provided 
by twenty-seven study-bedrooms located in buildings 
surrounding an attractive quadrangle, complete with 
fountain. Each room has a working-size table, wardrobe 
accommodation, and washing facilities, in addition to 
which, each group of three or four rooms has its own 
bathroom. Meals are taken in the main dining hall. 

The courses are no rest cure—involving as they do 
much hard work and study—but for the odd free period 
members have the use of such facilities as an open-air 
swimming pool, croquet lawn, badminton court, billiard 
room and television lounge. 


Administration of the College 

The Principal of the College, Mr. G. Smellie, formerly 
General Works Manager of the Steel Company of Wales, 
is assisted by a directing staff consisting of experienced 
men from various branches of the industry. A Com- 
mittee, with Mr. C. H. T. Williams, Managing Director 
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The twenty-seven study bedrooms surround this quadrangle. 


of Park Gate Iron and Steel Company as Chairman, and 
Mr. W. F. Cartwright, Assistant Managing Director of 
the Steel Company of Wales as Deputy Chairman, and 
an Advisory Panel under the Chairmanship of Mr. W. O. 
Campbell Adamson, General Manger of the Redbourn 
Section of Richard Thomas and Baldwin, ensures that 
close contact is maintained with the companies. 

A glance through the membership of the Committee, 
and through the list of members of a recent course, shows 
that there is widespread backing for the scheme in the 
industry. There may be some firms, however, who are 
not vet convinced of the value of such training, or who 
consider it impossible for them to release key men for 
such relatively long periods. Each case must, of course, 
be considered on its merits, but enquiries recently made 
of the forty companies who have sent on the courses 
some three hundred men from seventy works have 
strongly confirmed their value. The British iron and 
steel industry at present employs some 300,000 people, 
and its middle and senior management number at least 
6,000; its development plans are expected to add 
materially to this number. The potential demand for 
training at Ashorne Hill is thus considerable. 


Copper Abstracts 
CURRENT developments and new applications of copper 
and its alloys are of considerable interest to countless 
numbers of engineers, technicians, designers and other 
executive staff. Such people can read but a few of the 
many technical publications and similar items of litera- 
ture, and the C.D.A., in order to draw their attention 
to the latest developments in the world of copper, now 
produce a_ publication each month which contains 
abstracts based on a survey of 120° technical 
journals and other relevant media, supplemented by 
detailed reproduction from other abstract journals. It 
replaces the well-known C.D.A. Technical Survey. The 
subject matter, devoted exclusively to copper and its 
alloys, is classified under appropriate sub-headings, and 
each abstract is serially numbered for indexing in the 
December issue of each year 
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Harry Brearley as a young man 


Said to have described himself as * the man who invented knives that won't cut” Harry 
Brearley was an outstanding * character? in-an industry which, by its nature, is productive 


Harry Brearley 


An Outstanding 
Son of Sheffield 


By Eric N. Simons 


of “ characters.” In this article, the author touches on some of the facets of the life of this 


FIND it difficult to believe that Harry Brearley is no 
I longer with us. To me it seems only the other day 

that I sat in his pleasant room, examining the care- 
fully classified ink-blots he had assembled in bound 
volumes, and listened to him as, in his attractive voice, 
bearing ample traces of its Sheftield origin, he explained 
their significance. Shutting my eves, I can hear him now 
telling me that the only thing that mattered was one’s 
own opinion, and that one should ignore the ‘‘ experts ” 
who sought to substitute a narrow, specialised knowledge 
for the overall wisdom and breadth of a_ well-read, 
thinking man. 

He was one of the truest and most undeniable of 
Sheftield’s sons, born a poor boy in Ramsden’s Yard, 
which may legitimately be regarded in the light of the 
modern world as a slum street. It had eight houses, four 
on each of two opposite sides of a square. He was one of 
eight children, and he himself has said of his father that : 
he was a good specimen of the country breed, spoiled in 
appearance by the hard, brutalising work associated, at 
that time, with iron and steel making ; and depreciated 
in manners by the drinking habits commonly practised 
by, and usually excused in, men who toiled and sweated 
at the hot furnaces.” Brearley had always, however, the 
highest respect for his mother, and one of his first 
memories was of her and her eight children all huddled 
together in a living-room, 10 ft. by 10 ft.. with only a 
couple of bedrooms above. 

Fortunately for him, he was not born too early to reap 
the benefit of the then relatively new Education Act. 
and was sent to the type of elementary school 
considered good enough for children of his class. Of his 
schooldays he recollected nothing pleasant, and it is 
noteworthy that throughout his life he expressed nothing 
but contempt for the elementary school curriculum, 
though like so many elderly critics, he carried too far 
into his censure the recollection of his own unhappy 


gifted but unorthodox man of steel, 


schooldays. Things changed a great deal in the world of 


schoolteaching during Brearley’s life, but he never 
appears to have familiarised himself with these changes. 

When not actually sitting in the dingy, stuffy class- 
room, he turned an attentive ear and an observant eye 
to the teeming life of his environment. On washdays he 
turned the mangle for his mother—a job which I 
remember doing in my own childhood—wore clogs, 
was sometimes taken into the shopping streets to buy 
new clothes, and, like most Sheffield urchins, poked an 
inquisitive nose into any workshop in the district that 
presented a gap into which it could be thrust. 

He was about to leave school when his parents re- 
moved to Carlisle Street, which Brearley said was “ sepa- 
rated from hell only by a sheet of tissue paper.” He 
now had to start earning a living, and his first job was to 
trundle coal over miles of cobblestones and sludge. 
Later, he helped to boil sweets in a backyard room. 
When the luncheon break came, he had to carry his 
father’s dinner into the works, and sometimes he would 
sit for hours watching men at work on the puddling 
furnaces. 

He tried various wage-earning jobs, without finding 
one that suited him. First, he worked in a shop. Then 
he did a boy’s work in a stove grate factory, and lastly he 
worked in the private house of a doctor. From his 
relatively clean job, he passed to a steel works, where 
he became cellar-lad in a crucible furnace, doing “ all the 
things a cellar lad should do, and some he shouldn't.” 
The youngster seemed doomed to become yet another of 


the mufflered gang of Sheffield’s East End. 


Interest in Chemistry 
The turning point of his career came when, dissatis- 
fied, and deserting the steel works, he became bottle- 
washer in a chemical laboratory, the sole occupant of 
which was the chemist, James Taylor, whose idea for 
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keeping him out of mischief was to set him to work on 
exercises out of the Irish National School Arithmetic.” 
Brearley had first, however, to save the ninepence re- 
quired to buy the book. When he had run through all 
these exercises successfully, showing unusual aptitude, 
Taylor taught him the rudiments of algebra, and this 
gave him an interest in study that he was never to lose. 
He began to attend night school, studied mathematies, 
pored over Channing’s sermons, and began to learn 
shorthand. 

But brainwork was by no means all that Brearley 
learned in the chemical laboratory. He picked up odd 
manual skills, such as wood-working, tin-working. 
glass-blowing and wire-working, and in his leisure hours 
household furniture and practised —leather- 
stitching. He stayed with Taylor until he was twenty, 
but his status was still that of a labourer. Fortune then 
smiled upon him. Taylor needed another assistant to 
replace one who had departed, and he told Brearley that 
if he could raise £50 as premium, he would take him on. 
A friend lent him the money without security and with- 
out interest, and he paid the premium by instalments. 

The borrowed money was fully repaid within a year 
or two, largely by virtue of small increases in wages and 
exercises in cheap living. Taylor then emigrated to 
Australia, and Brearley found by this time that he was in 
love with both analytical chemistry and a young woman. 
He married, and the young couple took a cottage on the 
edge of the Derbyshire moors, paying a rent of 3s. 6d. a 
week out of the young chemist’s wage of £2 a week. So 
poor were they that he made his own furniture, painted, 
stained, french-polished and upholstered it. 

We have seen that among his hobbies were the making 
of domestic furniture and the soling of shoes, but he now 
acquired two further hobbies, the blowing of soap 
bubbles, and the “growing” of ink-blots. He had dis- 
covered that writing ink, if absorbed at a controlled 
rate by blotting paper, forms patterns characteristic of 
the particular ink employed, and some of these are 
strikingly beautiful. He wrote an article on this subject 
for the Windsor Magazine, and another on bubble- 
blowing as a physical exercise. The cheques he received 
for these contributions were the first fruits of his literary 
efforts. 

Brearley had not lived and worked in the slums of 
Sheffield without thinking deeply about the social prob- 
lems created, and he became convinced, like so many 
men of sincerity and goodwill in those days, that in 
Socialism alone lay the remedy. He became a minor 
official of the Independent Labour Party, but he was 
unfitted to open-air speaking and soap-box oratory made 
little appeal to him. His political activities, therefore, 
played but a small part in his life. 

Once married, he turned seriously to the study of 
chemistry, but insisted that whatever he learned had to 
be confirmed at the bench. In those days laboratory 

work had not been mechanized. <A great deal of skill and 
discretion were required in the routine operations, and 
the work had a certain glamour because so few of the 
works staff understood it. “ Each operator,” Brearley 
said, ** had his allotted work and it was understood (in 
this particular laboratory) that any reliable simplifi- 
cation he introduced which saved time, gave him the 
privilege of doing what he liked with the time saved.” 
By the exercise of his natural ingenuity, the young 
chemist was able to cut down his daily work to a couple 
of hours, which left him several hours a day. apart from 
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The young metallurgist at work 

overtime, to devote to reading and experimental verifica- 
tion. During this period he invented an auto-pneumatic 
stirrer, and sold the selling rights in this to a dealer for a 
couple of guineas 

In 1898 he was offered an appointment in an Australian 
assay laboratory, and to qualify for this post studied 
the analysis and assay of white metals at the University 
of Sheftield, but dissatistied with their tuition, he investi- 
gated these metals for himself. In the end he did not 
take up the Australian post, but his studies enabled 
him to work for tvpefounders and increase his slender 
income 

At thirty he had the local reputation of an expert 
solver of problems of analysis and a simplifier of analyti- 
tical methods for steel. He was offered employment by a 
steel firm in Sheftield, stayed with them for two years 
wrote for the technical press, and wrote a on 
* The Analysis of Steel Works Materials ” in collabora- 
tion with a friend 

In 1904 he accepted an appointment in Riga, then, as 
now, incorporated in the Russian empire, and during 
the four vears this lasted, he obtained, largely as a result 
of the Russo-Japanese war, invaluable experience in 
metallurgical practice and labour management. During 
this period he wrote his book “ The Heat Treatment of 
Tool Steel.” 

The Discovery of Stainless Steel 

was invited to establish a 


book 


feturning to Sheffield, he 
research laboratory at a large steelworks, and accepted 
on condition that he should be free to work in his own 
way and keep his private consulting practice. The 


story of how he came to discover stainless steel is a long 
and complicated one, with many implications of chica- 
nery and unfairness by the commercial men, and it will 
be for some future historian to disentangle the threads 
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and reveal the truth. All we need say here is that 
Brearley's work on high chromium steels was not in- 
spired by an intention or expectation of discovering a 
stainless metal. He was merely studying problems 
relating to ordnance, and discovered that certain steels 
containing low carbon and high chromium could not be 
satisfactorily etched with either the usual or some new 
reagents. The use of the material for ordnance purposes 
aroused no interest, but Brearley reported on the unusual 
non-corrosive properties of the material to each firm with 
which he was associated. One of his reports suggested 
cutlery as a potential use, but no-one was impressed. 

From the end of 1913 onwards, Brearley urged the 
usefulness of high chromium steel for cutlery, and actually 
some experimental knife blades were made, but almost 
certainly the cutlers concerned applied ordinary carbon 
steel technique to this new material, and failed, therefore, 
to produce satisfactory knives. They consequently 
condemned the new steel. Finally, Brearley himself 
hought some of the steel and successfully produced 
excellent knives. Unable to obtain what he considered 
fair treatment over his now acknowledged tremendous 
commercial discovery, Brearley resigned, and in 1915 
became Works Manager of Brown Bayley’s Steel Works, 
of which he eventually became a Director, receiving in 
1920 the Bessemer Gold Medal of the Iron and Steel 
industry, the one distinction he ever coveted. 

In 1925 he retired, but his activities by no means came 
to anend. In 1929-30 he spent a year in Australia and 
South Africa, after which the need for a superior climate 
to that of the bleak north led him to settle finally in 
Devonshire, though he frequently came up to Sheffield. 


A Nonconformist 


He was a man of extraordinarily forceful personality. 
Typical is this passage in a letter he wrote to me on 
lith April, 1942: ‘ Mind pictures are contrivances to 
think with, and they should fit a man like his skin. Some 
men (Clerk Maxwell) use the higher mathematics, and 
others (Faraday) the homely language of their fathers. 
But I mustn't scold you... The scolding was because 
I had deferred to the “ experts ’ in a book I had written, 
and allowed them to amend my simple phraseology. 

He wrote: ‘ There is not much in the industrial use 
of pyrometers, etching methods and micro-observations 
beyond the grasp of the average intelligent workman ; 
and when he sees distinctive bulls eyes scored by these 
means, he will adapt them to shop conditions, and in that 
case will better understand what the laboratory man is 
talking about. All useful observations, relating to the 
properties of metals, are not made most convincingly in a 
laboratory. Some can be better made at the scrap heap 

A laboratory which rightly claims to be * research ’ 
should not be hampered by routine work.”’ 

Every metallurgist is haunted by bogeys, but Brearley 
made fun of bogeys, and particularly of sulphur and 
phosphorus, the bogeys of the steel man. He said of 
heat treatment that it was not entirely a matter of 
clockwork and messages sent along wires, but a job for a 
man who took a live interest in his work and was able, 
when required, to exercise a judgment superior to 
clockwork indications. Most heat treatment operations, 
he claimed, were quite unnecessary, being merely 
crutches to help work, faulty in earlier stages of manu- 
facture, past the inspector. It took time to get rid of the 
hospital atmosphere, and to replace it with the confidence 


in the enduring value of good work put into every stage 
of manufacture. 

Brearley lived all his life as he wished to live, and his 
whole life, which ended in 1948, was redolent of that 
independent, sceptical, inquiring mind and critical 
forceful personality typical of the best of Sheffield. He 
was one of the few Sheffield-born men who have made 
important contributions to steel pregress, and nothing 
serves better as a picture of the man than the following 
passage of his autobiography : ‘‘ There is something in 
living men that is stilled when they die, which nothing 
less than a beheading operation can defeat. I own a 
trace of that something; that could support arduous 
service when enlivened by affection ; could droop like 
a disappointed lover if nobody cared ; and would kick 
like fury, unreasonably and foolishly, if it were ill-treated 
and could think of no other response.” 


Latin America’s Refractory Needs 


Mr. W. T. Have of Thomas Marshall & Co. (Loxley), 
Ltd., on his return from investigating possibilities for 
refractory equipment in Latin America, made the point 
that, whilst there is an enormous potential for develop- 
ment, and foreign capital is badly needed, British credit 
terms are not sufficiently flexible to compete with those 
offered by Japan and Germany. Although the United 
States has been generous with capital aid, Mr. Hale 
received the impression that Latin American countries 
are glad to turn to other investors, and he feels that, 
could the British Government relax its credit terms, 
British investment would be welcome. 

In the Argentine only two blast furnaces are in 
operation at present, but immediate plans include seven 
new blast furnaces, three of which are nearing completion, 
and Thomas Marshall hopes to benefit from the rapid 
expansion. In this country, particularly, inflation is a 
difficulty : in the last two years the Peso has dropped 
from 100 to 240 to the £. Efforts to halt inflation may 
bring about a recession, but Mr. Hale feels that iron and 
steel production will receive priority under any condi- 
tions. A market exists for British refractory equip- 
ment only until such time as local production has 
expanded sufficiently to meet requirements. 

In Brazil, where Thomas Marshall received an enquiry 
to the value of £11,000 from Petrobras, the refractories 
industry is well established, and such imports as are 
encouraged are of a very specialised nature. Since Mr. 
Hale’s return, Marshalls have received still further 
enquiries from this market for relining of blast furnaces. 
Twelve blast furnaces are at present in operation in the 
steel industry, and others in building, chiefly with Japa- 
nese and German capital. In Chile, Mr. Hale found a 
small steel industry equipped mainly with refractories 
imported from the United States. He was asked to supply 
quotations for equipment, and he feels there is a strong 
reaction against the established monetary benefactor, the 
U.S.A., and a welcome for new capital investment here as 
elsewhere in Latin America. 

While British capital loan terms are as inflexible as at 
present, it is difficult for British industry to invest as 
widely as the potential in Latin America might warrant : 
however, Thomas Marshalls are aware of the possibilities 
open to them in the maintenance field immediately, and 
hopes to take advantage of any easing of credit restric- 
tions in the future. 
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Heat Treatment 


in salt bath furnaces, as in greenhouses, 
brings its rewards. The ‘Cassel’ Heat Treat- 
ment Service offers you the benefits of its 
experience in carburising, heat treatment, 
tempering, martempering and austempering. 


Write to: 
imperial Chemical Industries Limited. 
London, $.W.1. 
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re-designing 


Start right at the beginning. Ask our design engineers to 
reconsider the basic form of your castings. Very often they 
can improve the structural form, and at the 
same time reduce complexity and cut costs. Then, 
when our metallurgists and foundry engineers 
take over, you’ll be getting cheaper, more sound 


castings of unequalled quality 
accuracy. This is what we call technical Zt he 


d 


teamwork and we’re proud of it. It can “4 
tackle a// your casting problems and solve them. 2 


CASTINGS FROM A FEW 
OUNCES TO 10 TONS 
in phosphor-bronze, gun-metal, aluminium- 
bronze, manganese-bronze, and light alloys. 
Precision machined bushes and bearings. Spe- 
cialists in high-tensile aluminium-bronze 
castings, centrifugal-cast wheel blanks, shell 
moulded castings, and chill-cast rods and 
tubes. Continuous cast phosphor-bronze 
bars up to 12 foot lengths. 


NON-FERROUS CASTINGS 
HIGH-DUTY IRON CASTINGS—PRECISION MACHINED BUSHES & BEARINGS 


‘T. M. BIRKETT, BILLINGTON & NEWTON LTD 


HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 
Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: Newcastle, Stoffs $1433/4. 
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Sheet Metal Shaping and Testing 
Colloquium 


A CoLLoguium on Sheet Metal Forming, with special 
emphasis on Methods of Testing, organized jointly by the 
Société Francaise de Métallurgie and the International 
Deep Drawing Research Group (1.D.D.R.G.) will be held 
in Paris from the 28rd to 25th May, 1960, inclusive. 
Provisionally, the programme will cover : 

Theoretical Studies of Sheet Metal Forming and The Materials 

Used in Sheet Forming half a day. 

one day. 
Metal 


Sheet Metal Forming 
New Techniques of Sheet Forming (Short) Papers) 
halfia day. 

Authors who wish to present a paper should send both 
the title and a brief summary to the Secretariat before 
the Ist November 1959. The exact programme may be 
subject to revision and the number of papers selected has 
to be limited. The organizing committee will decide on 
its choice of papers and the committee will inform the 
respective authors of its decision before the Ist December, 
1959. The completed or provisional texts of the selected 
papers should be in the hands of the organizing committee 
before the 15th February, 1960. The text of the articles 
or papers must be in one of the three official languages, 
French, English or German, and should be prefaced 
with a brief summary in each of the three languages. 

Offers of papers or requests for further information 
should be made to either member of the Joint Secretariat 
named below: S.F.M.—M. M. Dupont, Sécrétaire- 
General de la Société Francaise de Métallurgie, 25, rue de 
Clichy, Paris 9me;  L.D.D.R.G.—Dr. GarBpER— 
B.ILS.R.A. Laboratories, Hoyle Street, Sheffield, 3. 


Advanced Photography Scholarships 


Kopak, Lrp. will award a number of scholarships 
annually to selected students of photography who have 
already reached a high standard, and who wish to devote 
a further year of full-time work to an advanced course of 
study. Six awards will be made in 1959, but in subse- 
quent years the number may be increased to twelve. 

Awards will be based mainly on the merit rating or 
marks obtained in the following examinations : 

(a) City and Guilds of London Institute Final Ex- 

amination in Photography. 
(4) Institute of British Photographers Intermediate 
Examination. 

No entrance forms are needed. As soon as possible after 
the results of the examinations are available, both the 
examining bodies will furnish Kodak, Ltd. with a short 
list of students who have gained the highest marks or 
ratings, and a suitable number will be invited to meet a 
selection panel. At this stage they will be asked to 
provide any further personal particulars which are 
necessary. The final recommendations for awards will 
be made by this panel, which will consist of one member 
from each of these institutes and a representative of the 
Ministry of Education Kodek, Ltd., will be represented 


by an observer, who will not normally be concerned in 
making the final selection. 

For the session 1959, 1960 the successful students will 
be enabled to attend a full-time advanced course in 
Photography at the Polytechnic, Regent Street, London ; 
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but in subsequent years the scholarships may be tenable 
at other institutions where suitable full-time advanced 
courses of study are in operation, The awards will cover 
all course fees, the cost of approved text-books and 
necessary materials, and there will be a living allowance 
of £400 for the year payable in instalments each term 
in advance. 


Polarographic Society Medal 


A sILVER medal, to be known as the Polarographic 
Society Medal, has been designed, and will be awarded 
periodically in recognition of outstanding work in 
polarography, on the recommendation of a special 
committee. The first award has been made to PROFESSOR 
J. Heyrovsky for his discovery of the polarographic 
method in the nineteen-twenties, and for the subsequent 
major contributions to the subject by himself and his 
students, 


Davy-United Reorganisation 


As a result of the growth of the company, both in the 
range and volume of its products Davy-United have 
established a new group reorganisation in which the 
company formerly trading as Davy and United Engineer- 
ing Co., Ltd., becomes the holding company of the group, 
with the new name Davy-United, Ltd. Two subsidiaries 
have been formed: the first—Davy and United 
Engineering Co., Ltd.—will carry on the main engineering 
activities of the group and will comprise the Glasgow 
Works, the Construction Division and the Darnall 
Works, with the exception of the workshops of the 
Instrument Division, which now becomes the second 
new subsidiary, Davy and United Instruments, Ltd., and 
is responsible for the development and manufacture of a 
range of electronic and radiation type instruments for the 
automatic control of rolling mills and other steelworks 
processes. The manufacture of rolls and steel castings 
will continue to be carried out at Billingham by Davy and 
United Roll Foundry, Ltd., which is also a wholly-owned 
subsidiary. 


Russian Tinplate Experts Visit 
THREE leading Russian steel experts, specialising in tin- 
plate, have recently completed a sixteen-day tour of 
British tinplate factories and laboratories. Leader of 
the party was Dr. S. P. Antonov (Deputy Chief Engineer 
of the Magnitogorsk Combinat), accompanied by Mir. 
D. I. Jasnikov (Chief of the Tinplate Department, 
Zaporozshe Steelworks), and Mr. V. A. Paramono, 
(Head of the Tinpiate Laboratories at the Central 
Institute for Ferrous Metallurgy, Moscow). 

The group spent some ten days in South Wales, visiting 
the Velindre and Trostre tinplate centres and the Port 
Talbot works of the Steel Company of Wales, Ltd., and 
the Ebbw Vale works of Richard Thomas and Baldwins, 
Ltd. A day was also spent at the Swansea laboratories 
of the British Iron and Steel Research Association. On 
their return to London, the Russian party made a one- 
day visit to the Tin Research Institute at Perivale, 
visited one of the London factories of Crosse and Black- 
well, Ltd., to see the forming and making of tin con- 
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tainers, and toured the Battersea laboratories of BISRA. 

The visit was organised by BISRA as part of the series 
of interchange visits arranged late in 1958 between 
BISRA and TSNIITCHERMET (the Central Institute 
for Ferrous Metallurgy in Moscow). It is the second to 
he carried out, the first being the British party on con- 
tinuous casting which visited Russia in April last. The 
visitors had a series of discussions with British tinplate 
engineers and experts which were felt to be mutually 
valuable. They expressed their keen appreciation of 
British practice, and a number of contacts were made 
which should facilitate future exchanges of technical 
information and developments. 


Plating Management Course 


IN collaboration with the Education Committee of the 
Institute of Metal Finishing, The Borough Polytechnic 
has arranged a course of six lectures on Plating Shop 
Management and Control, to be held on successive Tues- 
day evenings, commencing 6th October, 1959. Five of 
the lectures will be delivered by Mr. E. A. Ollard and the 
remaining one by Mr. A. R. King, of Vauxhall Motors, 
Ltd. Further particulars may be obtained from the 
Principal. The Borough Polytechnic, Borough Road, 
London, S.E.1. 


Pilot Plant Research 

Tue gap between metallurgical research on the one 
hand, and the industrial implementation of research 
results on the other, can sometimes be bridged by pilot 
plant investigations and demonstrations. The impor- 
tance of such investigations has been increasingly 
recognised in India in recent years, and it has been 
decided to organise a Symposium on Pilot Plants in 
Metallurgical Research and Development, under the 
auspices of the National Metallurgical Laboratory. The 
Symposium will be held in the Laboratory, at Jamshed- 
pur, next February, and invitations are being extended 
to engineers, metallurgists, technologists and research 
scientists to attend the Symposium and to contribute 
technical papers for discussion. Further details of the 
scope of the Symposium may be obtained from the 
Director, National Metallurgical Laboratory, Jam- 
shedpur, 7. India 


Electric Melting Furnace Agreements 
G.W.B. Furnaces, Lrp. have now concluded agree- 
ments for co-operative manufacture and sale, in Great 
Britain and most of the Commonwealth countries, of the 
whole range of melting plant designed by Demag- 
Elektrometallurgie, G.m.b.H. of Duisburg, Germany, 
and by the Lectromelt Furnace Division, MeGraw- 
Edison Company of Pittsburgh, U.S.A. The total 
installed capacity of Demag and Lectromelt are melting 
furnaces represents 6,750,000 kVA,, corresponding to 
2.84) installations. This agreement enables G.W.B. to 
offer are furnaces with a capacity of up to 200 tons, with 
or without rotating shell, and alternative electrode 
control systems, these being static or rotating magnetic 
amplifier tvpe, or hydraulic. 

In addition, the agreement with Demag covers sub- 
merged are furnaces for the reduction of ores and 
production of ferro-alloys and calcium carbide. Experi- 
ence in this type of equipment is indicated by 


total connected loads exceeding 850,000 kVA. The 
tield of induction melting furnaces is also well covered, 
enabling G.W.B. to offer Demag-designed crucible type 
units for mains frequency or motor alternator operation 
for steels, irons and non-ferrous metals. Channel type 
mains frequency induction furnaces may also be supplied 
for melting light metals, copper and copper alloys, zinc 
and iron. 


Courses on Temperature Control 
West INstruMENT, Lrp., manufacturers of temperature 
control instruments, are to give courses of instruction of 
one day’s duration on the saturable core reactor. The 
first of these are to be held on the 14th and 15th October 
at the Company’s London Office. A brief summary of the 
theoretical background of the saturable core reactor will 
be given to those attending the course. The saturable 
core reactor forms the basis of the stepless temperature 
controller, an instrument claimed to be superior to both 
the on off and time cycling proportioning controllers. 

The lectures will be informal, and a proportion of the 
time will be devoted to discussion and the answering of 
questions. Executives who are interested are invited 
to write to Mr. J. Hartnett, West Instrument, Ltd., 52 
Regent Street, Brighton 1, Sussex. 


Scottish Strip Mill Contract 
THE order for the building, at a cost exceeding £4 million, 
of the 68 in. semi-continuous hot strip mill for the 
Ravenscraig Works of Colvilles, Ltd., has been placed 
with Davy and United Engineering Co., Ltd., Sheffield. 
The new mill will comprise a 42 in. vertical edging scale- 


breaker, a 44in. 68 in. horizontal scalebreaker, a 
39 in. and 56in. * 68 in. reversing roughing mill, with 
attached 33 in. vertical edger, a rotary crop shear, a 
28 in. and 56in. 68 in. six-stand finishing mill, two 


downcoilers and coil unloaders, and associated roller 
tables and ancillary equipment. 

When the new mill goes into production it will have an 
initial output of 500,000 tons of strip steel products a 
year. It is, however, being designed to provide for an 
eventual output in excess of 1$ million tons a year. More 
than 47,000 h.p. will be needed to drive the mill, which 
will produce strip and light plate from 24 in. to 60 in. 
wide, in coils weighing up to 40.000 Ib. 

The contract will have an immediate impact on Scot- 
tish industry, for Davy-United’s Glasgow Works will 
undertake a substantial part of the design and manu- 
facture of the 9,000 tons of machinery involved. Colvilles, 
Ltd., are themselves building a 52 in. © 138 in. slabbing 
mill which will supply the heavy slabs required to feed the 
hot strip mill. 


I.B.F. Office Moves 
THE head office of the Institute of British Foundrymen 
will be transferred from Manchester to London on 
13th November, 1959. The new address and telephone 
number will be 14, Pall Mall, London, S.W.1. (WHItehall 
7141-2). Communications posted after November 12th 
should be sent to the new address. 


Instrument Distributors 
THE recently formed Analytical Instruments Depart- 
ment of Southern Instruments, Ltd., Camberley, has 
appointed A. R. Bolton & Co., of Edinburgh, as sole 
distributors for Scotland. 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Cathodic Protection for Auxiliary Heat 
Exchangers 


AN ingenious yet simple means of preventing corrosion 
in auxiliary heat exchangers, small condensers, ete., is 
now being manufactured in this country. The Galvion 
anode, of which there are three sizes, comprises a brass 
plug with B.S.P. tapered threads, and a number of high 
purity zine ** bobbins ” or elements having a threaded 
centre steel core. The elements can thus be screwed into 
each other to allow adjustment of length to fit confined 
spaces without waste, and an interference thread 
ensures vibration-proof service. 

It is only necessary to drill and tap the cover of the 
spaces to be protected, the tapered plug thread ensuring 
a watertight joint without the need for sealing compounds. 
Existing drain plugs can often be used. Thus simple 
fitting and even easier renewals help to ensure that 
the protection is maintained and full benefit is re- 
ceived. It will be seen that there are many applications, 
both marine and industrial, to which these anodes can be 
applied. In the past the labour of renewing protective 
blocks secured to the inside of end box covers, or the 
drilling out of expended zine pencils from plugs, has 
often led to the protection being neglected, with resultant 
shutdowns and renewals. 

F. A. Hughes & Co. Ltd., 4 Stanhope Gate, London, W.1. 


Spark Machining Equipment 

THE Sparcatron R.L.G. spark machining equipment has 
been developed primarily as a roughing unit, as its 
rate of stock removal is in the region of 10-20 times as 
fast as the standard Mark III machine, depending, of 
course, on the material and area of the electrode used. 
Many types of material may be used for electrodes, 
including brass, copper, aluminium and Mazak, and, 
despite the rapid stock removal, electrode wear is stated 
to be surprisingly low. 

The equipment consists basically of the normal Mark 
III machine head, working in conjunction with a rotary 
impulse generator (hence the initials R.1.G.) and a 
control cabinet, the latter being provided with tappings 
for power supplies in the ranges 200-250 V. (10 V. steps), 
40-440 V. (20 V. steps) and (for the Canadian market) 
‘OO VV. It is suitable for 50 or 60 ¢ s. A pulse fre- 
quency of 400 sec., at a peak output of 250 A., is pro- 
vided by the special generator, which thus permits the 
machine head to remove stock at the rate of approxi- 
mately 4 cu. in. hr., using brass, copper or Mazak 
electrodes. The rate of wear for copper or brass elec- 
trodes is in the region of 0-3 in. cu. in. of stock removed. 

When the R.L.G. equipment is used in conjunction 
with the standard control cabinet, the changeover 
from roughing to finishing of work can be achieved by 
the simple operation of a switch. Where the Sparcatron 
Mark III equipment is already 1 .stalled, only the 
impulse generator and control cabinet are necessary to 
enable advantage to be taken of the new techniques. 

Because of its high rate of stock removal, coupled 
with the possibility of machining a greater area and depth 
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The rotary impulse generator gives a pulse rate of 400 
per second at a peak output of 250A. 
than usual, the equipment is well suited to the produc- 
tion of large forging dies and the like 
Burton, Griffiths d& Co., Ltd., Mackadown Lane 
(rreen, Birmingham, 33 
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Re-styled Box Furnaces 


THE re-stvling of the Birlec range of standard box 
furnaces has resulted in improved appearance, rationalisa- 
tion of manufacture, and reduction in price. The G.P 
1000 range includes five furnaces suitable for operation 
at 1.000°C. and ranging in capacity from 1-5 cu. ft. to 
26 cu. ft., and in rating from 20 kW. to 70kW. In the 
three smaller sizes, the resistance elements are supported 
in the side walls by specially formed refractories, and in 
the larger sizes they are supported from the roof, to 
provide for handling heavy and bulky work without the 
risk of element damage. Compensation for door losses is 
provided by an element on the inner face of the door 
The G.P. 1000 furnaces have cast nickel-chromium alloy 
hearth plates, but for exceptionally heavy work the two 
largest sizes can be supplied with a hearth of refractory 
brick. 

In the G.P. 1400 range—suitable for use at tempera- 
tures up to 1,400° C.—the four furnaces range from 
} cu. ft. to 3. cu. ft., and from 16 kW. to 60kW. They 
are heated by silicon carbide rods mounted transversely 
below and above the hearth, and the hearth plates are 
also of silicon carbide. 

On all G.P. furnaces the door is hand or wheel operated 
and fully counter-balanced. Power operation is available 
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as an Optional extra, using a foot-operated compressed 
air system. The heating elements are automatically 
isolated from the power supply when the door is opened. 
The control cubicle is equipped with a temperature 
controller, main isolating switch, control and safety 
contactors, and there is provision for the fitting of a 
temperature recorder if required. A gas inlet connection 
is provided at the back of the heating chamber so that a 
protective atmosphere can be used where necessary. 
Birlec, Ltd... Tyburn Road, Erdington, Birmingham, 24. 


Speed Regulator Air Cylinders 


BALDWIN INsTRUMENT Co., Lrp., have announced a new 
speed regulator, for use with their compressed air 
evlinders. These new units are an improved development 
of the earlier micrometer type, and have a regulation of 
at least 3 times that of the previous model: the bore 
sizes are 4, 4, 3}, and Lin. The new speed regulator is 
slightly larger than, and utilises the same two-piece 
construction as its predecessor : it is made from anodi- 
sed duralumin. <A friction device incorporated in the 
body of the regulator prevents the micrometer adjust- 
ment from being disturbed by vibration. 

Where the speed of movement of an air cylinder is 
required to be different in each direction of movement, 
the new Baldwin speed regulator is a simple means of 
producing this. The regulator screws directly into the 
exhaust ports of the directional control valve, and 
thereby throttles the escape of air from the exhaust end 
of the cylinder. Where steadiness of motion is required, 
this method of speed regulation is to be preferred. 

Baldwin Instrument Co... Ltd., Brooklands Works, 

Dartford, Kent 


Improved Flow Metering 


HONEYWELL ConTROLS, Lrp., have recently raised flow 
and liquid level metering accuracies by installing a new 
high-performance diaphragm on their differential con- 
verter transmitters. The pneumatic balance differ- 
ential converter, which previously contained a Fluon- 
coated diaphragm separating high and low pressure 
chambers, now uses Viton as a diaphragm coating. 
Honeywell's production engineers have found that the 
new diaphragm provides better long-term stability of 
measurement and higher stability under varying tem- 
peratures. The chemical resistance of the new diaphragm 
is good, and it can be used to meter alkalies, amines, 
hydrocarbons, and dilute or concentrated mineral acids. 
The Teflon coated diaphragm remains available as an 
option for metering substances which might attack the 
new diaphragm. 
Honeywell Controls, Ltd., Ruislip Road East, Greenford 
Middlesex. 


High-Speed Flash Tube 


A new range of high-speed cathode-ray flash tubes 
which produce a flash of the same order of intensity as a 
gas-filled electronic flash tube, such as is used in photo- 
graphy, has been introduced by the Electronics Depart- 
ment of Ferranti, Ltd. These tubes, known as the 
CL60 and CL70 series, light up all over simultaneously, 
in contrast to the normal behaviour of the cathode-ray 
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tube, and have the additional advantage that flashes 
can be repeated much more rapidly. Flashes of up to 
one million per second are obtainable. It is also possible 
to produce long flashes, and flashes which contain an 
internal fine structure consisting of a multiplicity of 
smaller flashes. 

The new tube is likely to be of value as a high-speed 
stroboscope and in high-speed photographic work ; in 
the operation of high-speed photo-electric devices 
requiring short flashes of light, and for time-marking on 
films and in Xerographie processes. Another possible 
use for the tube lies in the measurement of short intervals 
of time or electrical pulses which occur in a random 
manner. The lamp can be arranged to flash at the 
beginning and end of a given interval of time or pulse. 
Alternately, two different coloured lamps could be used 
to mark the beginning and the end. 

Electronics Department, Ferranti, Ltd.. Gem Mill, 

Oldham, Lanes. 


Radiation Monitoring, Film 


THe new Kodak radiation monitoring film provides an 
efficient method of assessing the exposure of personnel 
to X-rays and gamma rays. Two emulsion layers of 
different sensitivities are coated one on each side of the 
film, and the total density produced on both emulsions 
together is used to measure small quantities of radiation. 
If, as a result of large quantities of radiation, the density 
of the film is too high for measurement, the more sensi- 
tive emulsion can be stripped from the base, leaving the 
less sensitive emulsion intact for measurement. Two 
ranges which overlap slightly are thus provided. Each 
film is supplied in a separate light-tight packing and is 
ready for immediate use. 
Kodak, Ltd., Kingsway, London, WC.2. 


Diamond Abrasive Wheels 


FELKER Di-Met diamond abrasive wheels are now avail- 
able in this country from Shandon Scientific Co., Ltd. 
The Type D.L-T. metal bonded wheels are available in 
thicknesses from 0-006 in. to 0-020 in., with flush blades 
2 in. to in diameter, and diamond depth in. or 
Lin. These five blades are particularly valuable in the 
electronics industry for the slicing, dicing and wafering 
of such materials as quartz, germanium and silicon. The 
Type D.L-T.R. wheels—available with metallic or resi- 
noid bond—are specially produced for the cutting of 
semi-precious stones, glass, ceramics, tungsten carbide, 
ete. In this type, the blades are relieved at the side, and 
the size ranges from 3 in. to 14 in. diameter, and 0-025 in. 
to 0-062 in. thick : the diamond depth is ;k in. or } in. 
Both types are available with a wide variety of grit sizes 
and arbor holes, and the concentricity is accurate to 
within 0-001 in. 

Di-Met Rimlock wheels—a third type—are low-cost 
diamond abrasive wheels for the rapid cutting of hard, 
brittle non-metallic materials, with many useful applica- 
tions in the ceramics industry, and in geology, minerology 
and petrology. The sharp-edged diamond particles are 
locked in the wheel rim, and the wheels—for wet opera- 
tion—are available in diameters ranging from 3 in. to 
36 in., and with arbor holes to fit any machine. 

Shandon Scientific Co., 6 Cromwell Place, London, 

S.W.7. 
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Book Notice 


STATISTICAL SUMMARY OF THE 
MINERAL INDUSTRY : 1952-57 

Royal 8vo., 377 pp. prepared by the Mineral Resources L ivi 


sion, Overseas Geological Surveys, and published by H.M. 
Stationery Offce. 27s. td. net 


THE Statistical Summary of the Mineral Industry is an 
annual publication of statistical tables covering a period 
of six years, showing world production, exports and 
imports of all the important economic minerals and 
metals. The present edition covers the period 1952 to 
1957. 

Production tables for cobalt, copper, lead, tin and zine 
show not only the output of relevant ores in terms of 
metal, but also give figures of metal production. So far 
as possible, the latter tables give the amount of primary 
metal obtained, showing separately, wherever important, 
production of secondary metal. Thus it is possible to see 
at a glance the amount of new metal available in any 
year. 

The sections on coal and petroleum are very compre- 
hensive, including statistics of the production of and 
trade in by-products and refinery products. As the unit 
for these fuels is the same, comparison is facilitated. 
Statistics for all the principal non-metallic minerals are 
also included. 

It is claimed that this reference book contains more 
information on world exports and imports of minerals 
and metals than any other publication, including as it 
does not only the crude material, but details of the chief 
semi-manufactured products, refinery products and 
other derivatives. 


PROCEEDINGS OF A SYMPOSIUM ON 
ALUMINIUM IN PACKAGING— JUNE 1958 

188 pp. 8 vol., numerous tables and illustrations. Published by 

The Aluminium Development Association, 33, Grosvenor 

Street, London, W.1. 15s. 

Any discussion which concerns consumer goods is likely 
to have its human interest, and that on the papers 
presented at the Aluminium Development Association's 
Symposium on Aluminium in Packaging—held at the 
Savoy Hotel in June of last year—is no exception. One 
can, for instance, find comparisons between the tastes of 
beer drinkers in this country and the United States, and 
a reference to the pre-packed television dinner available 
in America, which is heated and served in its aluminium 
foil tray, the latter being subsequently discarded. Cus- 
tomer appeal is, of course, a matter of prime importance 
in the choice of a packaging material, but it is not the 
only criterion. Cost, passivity towards the product, 
protective capacity, versatility in manufacture, and ease 
of disposal are all factors which must be taken into 
account, as was emphasised in the papers presented and 
the ensuing discussion on them. 

At the first session, three papers were presented which 
dealt with the economic aspects of aluminium as a 
packaging material, its characteristics for this purpose, 
and the design of aluminium packs. The papers presented 
at the second session were of a different nature, in that 
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they dealt with specific uses on which there had been 


greater or lesser commercial experience, namely cans t 
processed food, general line containers, collapsible tule 
foil and aluminium closures. 

Although the papers and discussion were confine | to 
one aspect of the subject—the non-returnable container 
or package—a wide variety of applications was involved 
and this was reflected in the variety of interest repro se! 
ted by the large audience. Tne Symposium clearly 
demonstrated the position already reached by aluminiun 
in this field, and indicated a number of possibilities for 
the future. Its particular purpose, however, was to 
obtain the views of all concerned in the manufacture and 
use of packages, so as to highlight problems for alum: 
nium to which research could usefully be directed. That 
this objective was achieved will be clear from a study of 
the discussion, which shows quite clearly that aluminium 
will only progress in its invasion of the packaging field 
in those applications where it can be proved to hav 
advantages over other materials. There is litthe doubt 
that this challenge will be squarely faced hy an industry 
which, particularly since the war, has made such tremen 
dous strides. 

The concluding speaker at the afternoon session said 
he regarded the papers as classics on the subject and 
looked forward to receiving them in their final form, as 
they would prove most useful ; with the introduction of 
coloured illustrations for the first time, they are also 
most handsomely presented 


Trade Publications 


BirLec Publication No, 705, recently issued by the Drye, 
and Gas Plant Division of Birlec, Ltd., gives details of the 
newly developed range of Birlec nitrogen generator- 
Particular attention is drawn to the super purity grad 
which is used in the electronic industry, and to the 
nitrogen mixtures employed in the metallurgical indu 
tries containing proportions of hydrogen or carbon 
monoxide with hydrogen. These generators separate 
nitrogen from air by the combustion of fuel, removing 
carbon dioxide and water by absorption and condensa 
tion respectively. Specially designed purification train 
are available for eliminating unwanted gases down to 
low level. Typical running cost analyses are quoted 
Tue advantages of colour prints over colour transparen 
cies for many purposes is widely reco snised, and with the 
introduction by Kodak of Type C paper, industrial 
photographers can now produce excellent colour prin 
from their own darkrooms with only a few relatively 
inexpensive additions to the equipment used for blac! 
and-white processing. A leaflet has recently been issued 
dealing with both the paper and the equipment necessary 
for processing. 

nitride—a new refractory compound with 
good mechanical properties at high temperatures, in 
addition to excellent resistance to corrosion and oxida 
tion, and immunity to attack from many molten non 
ferrous alloys—forms the subject of an article in the first 
issue of Alloys and Metals Review, which is to be published 
on a regular basis by the Alloys Division of Union 
Carbide, Ltd. Other items are concerned with the seop: 
and achievement of modern stainless steel casting pro 


briquettes for cupola additions ; exothermic 
ferro alloy ladle additions for alloy steel production by 
the basic open hearth process; and a new plant for 
making ferro alloy briquettes and foundry grade alloys. 


C@SSES ; 


THE March issue of The English Electric Journal contains 
an article dealing with the autematic controls provided 
for the Brinsworth hot strip mill of Steel, Peech and 
Tozer, and illustrates the use of modern control techni- 
ques to obtain greater and more economical production 
in the steel industry. A further article discusses indus- 
trial television and reference is made to examples of its 
use in the steel industry, which to date has been the most 
active private industry in experimenting with television. 


THE efficient treatment of quenching oil has for a long 
time been a problem in the heat treatment of metals. 
Circulation of the oil through a suitable cooler keeps the 
temperature down, thus reducing the tendency to form 
vapour bubbles, with consequent loss of quenching 
efficiency, and reduces the liability to excessive oxidation. 
The problem of cooling quenching oil is discussed in a 
new brochure, No. 591, issued recently by The Visco 
Engineering Co., Ltd., which features the Visco Spray- 
blast cooler, the first oil cooler to use a mixture of air and 
water as the cooling medium, instead of air only or water 
only, as had been the previous practice. The system 
incorporates the advantages of both, without their 
disadvantages. These coolers can, of course, also be used 
for cooling transformer oil, ete. 


WE have received from the Morgan Crucible Co., Ltd., 
four new publications dealing with the company’s 
products. One of these, No. F.D. 30, is concerned with the 
Type E.D.F. Mk. If Birlec-Morgan electric die casting 
furnace. This is an electrically heated crucible furnace 
fitted with equipment for temperature control and auto- 
matic starting in the early morning. A new oil-fired 
melting furnace—the Type B.T. Mk. IL basin tilting 
furnace—is featured in F.D. 33. This unit has been 
designed for rapid bulk melting for both die casting and 
general non-ferrous foundries. The remaining publica- 
tions—S.D. 65 and Z.D. 29—deal with Morganite unit 
type seals and Morganite carbon brushes, respectively. 


Tue seventh in a series of leaflets dealing with I.C.I. 
titanium for chemical plant features the use of this 
metal for compressor valve plates and springs. The 
advantages of using plate type valves for compressors 
handling gas or air in bulk have long been recognised, and 
titanium alloy, with high strength to weight ratio and 
excellent corrosion resistance, is suitable for valve plates 
and springs in a much wider range of operating condi- 
tions than has been practicable hitherto. It is claimed 
that the higher cost is more than compensated for by the 
increased service life. 


Deraits of the box-type furnaces made by Royce 
Electric Furnaces, Ltd., are given in a new publication of 
that company. These are made in two ranges—the 
R.B.M. type suitable for heat treatment at temperatures 
up to 1,000°C., and the R.B.H. type with a maximum 
temperature of 1,250° C. The hearth plate of the former 
is in cast nickel-chromium alloy and of the latter in 
silicon carbide, the respective heating elements being in 
nickel-chromium alloy and a special high temperature 
alloy. Particulars are also given of the inexpensive 
R.B. type furnaces, suitable for heat treatment or 
laboratory work in the same two temperature ranges. 
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Illustrations are also shown of furnaces designed to suit 
individual reuirements. 


A NEw illustrated brochure, Publication No. 76, issued 
by W. C. Holmes & Co., Ltd., bears the title ** Holmes- 
Western 55 Gas Valves.”’ Besides dealing comprehen- 
sively with the five main groups comprising the 55 range, 
the booklet contains a section devoted to the earlier 
types of Western valves. A double-page spread 
illustrates some thirty valve types—many of them stan- 
dard—and reference is made to automatically controlled 
valves and to valve interlocks. 


WE have received from the Zinc Development Associa- 
tion copies of two new issues of Z.D.A. publications, the 
European Zine Alloy Die Casting Bulletin No. 6 and Die 
Casting News No.2 Both these publications describe and 
illustrate the applications in a wide range of products of 
zine die castings which range from small, decorative 
parts to heavy engineering components. The publica- 
tions will be particularly useful to designers and produc- 
tion engineers, since they highlight the advantages that 
zine alloy die casting has to offer over other methods of 
manufacture. Copies are available free on request from 
Zine Development Association, 34 Berkeley Square, 
London W.1. 


Books Received 


Dendritic Crystallization’. By D. D. Saratovkin. 
2nd Edition. Translated from Russian by J. E. 8. 
Bradley. 126 pp. New York and London, 1959. 
Consultants Bureau Inc., and Chapman & Hall, Ltd. 
86-00 or 50s. net. 

* Growth of Crystal’. Reports at the First Conference 
on Crystal Growth, March 5-10, 1956. Edited by A. 
Shubnikov and N. N. Sheftal. Original Russian Text 
Published by Academy of Sciences U.S.S.R. Press, 
Moscow, 1957. 294 pp. New York and London, 1959. 
Consultants Bureau Ine., and Chapman & Hall, Ltd. 
$15-00 or 120s. net. 

Soudure By D. Séférian. 
393 pp. inc. author and sub- 


* Métallurgie de la 
Preface by P. Chevenard. 


ject indexes and numerous illustrations. Paris, 1959. 
Dunod. 5-800 F. 

* Elements of Materials Science”. By L. H. Van 
Viack. 528 pp. ine. index. Massachusetts, 1959. 
Addison-Welsey Publishing Company, Ine.  $8-50. 


Obtainable in the U.K. from Pergamon Press, Ltd. 64s. 


Fifth International Conference on Hot Dip Galvani- 
zing. Edited Proceedings of the Benelux conference 
held in Holland and Belgium in June 1958. 355 pp. 
London, 1959. European General Galvanizers Associa- 
tion Secretariat : Zine Development Association. 60s. 

Non-Destructive Testing.” By J.H. Hinsley. Fore- 
word by E. Gregory. 495 pp. ine. subject and name 
indexes. London, 1959. Macdonald and Evans, Ltd. 75s. 

* British Instruments’ Directory and Buyers Guide 
1959. 322 pp. London, 1959. Scientific Instrument 
Manufacturers’ Association and United Science Press, 
Ltd. 42s. 

* The Manufacture of Iron and Steel.” Vol. IT. Steel 
Production. By G. R. Bashforth. Second edition re- 
vised. 390 pp. inc. index and numerous illustrations. 
London, 1959. Chapman and Hall, Ltd. 40s. net. 
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BRIGHTRA 


Electrical Resistance Alloys 
BRIGHTRAY C for intermittent heating up to 1150 C used in SEND THIS COUPON 


cookers, toasters, laundry irons, fires, soldering irons for a copy of 
BRIGHTRAY B for ec'ements working up to 950 “WIGGIN ELECTRICAL RESISTANCI 
BRIGHTRAY S for continuous heating up t» 1150 ¢ mainly tor MATERIALS’ (Pub. No. 1616) 


BRIGHTRAY F for electric furnace elements operating in special 
BRIGHTRAY H for furnace clements in the range 1100 to 1250 € 
FERRY for resistance cn electrical control gear and instruments up 


WILCO-WIGGIN THERMOMETALS in many grades for ther- 


mostatic devices controlling temperatures ranging from to 540 


form of Rod, Wire, 


‘BRIGHTRAY’, ‘FERRY’ AND ‘*WILCO-WIGGIN*’ THERMOMETALS ARE REGISTERED TILADE MARKS 


NICKEL-CHROMIUM 


Contains invaluable technical data 
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Photograph by courtesy of Jaguar Cars Ltd. 


Carburising— 
A great basic advance— 


Positive Instrument control of carbon 


A the high temperatures normally used steel is very sensitive to the carbon potential of a furnace 
atmosphere and carbon can be transferred from gas to steel or conversely from steel to gas 
until a state of equilibrium exists. In commercial practice, however, owing to several factors, a state 
of equilibrium rarely exists, and for many years there has been a continuing search for a tool which 
would permit measurement and control of carbon potential in heat treatment atmospheres. 


We have now developed such a tool—-called a Carbohm. It takes the form of a primary element 
and measures carbon potential much in the same way that a thermocouple measures temperature. 
As carbon flows in or out of the Carbohm its electrical resistance changes, these changes being picked 
up by the Microcarb Controller, which operates a relay regulating the flow of fluid to the furnace. 


Thus the carbon you set on the Microcarb Controller is the carbon you get, the control giving 
you the desired case depth and the case structure, control being possible at any eutectoid figure, 
Steel pressings normally made in spring steel can be made in mild steel and homogeneously carburised 
to any preset content. Jaguar, Austin, Morris, Leyland, Sperry, Gyroscope, Singer, etc., all use 
this method. 


The attractive Microcarb control booklet will be sent to you with pleasure on request. 


INTEGRA, LEEDS & NORTHRUP LTD. 
183, BROAD STREET, BIRMINGHAM, 15 


Telephone: MIDLAND 1453 4 ‘Grams: FLOMETER, BIRMINGHAM 
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Hardness 


By R. S. Marriner 


(Communication from the National Physical Laboratory) 


Experiments with precise indentation hardness testing machines are described in which the 
conditions of loading the indentor are varied and the resulting variations in the hardness 


values obtained are discussed. 


Evidence of the necessity for precise control of the loading 


conditions in standardisation work is given, together with the definition and accuracy of the 


and Rockwell (HRC and HRB) indentation hard- 

ness tests are simple to enunciate, but when their 
practical interpretation is attempted, using hardness 
testing machines which purport to load the diamond or 
ball indentor in the prescribed manner, it is found that 
machines, even of the same design, can give appreciably 
different hardness values for the same test specimen. It 
is therefore traditional practice in the industrial measure- 
ment of hardness to verify the machines used by means of 
standard test blocks. The onus of realizing the defini- 
tions in precise practical form thus falls on the limited 
number of manufacturers and standardizing laboratories 
throughout the world which accept responsibility for 
calibrating the standard test blocks. 

Of necessity, the standards of hardness provided by 
each of these authorities are vested in the particular 
machines which they use, and it has become increasingly 
apparent, particularly in the Rockwell C scale, that the 
scales of hardness given by these machines are not in 
sufficiently good agreement to satisfy present industrial 


; ie E definitions of both the diamond pyramid (HV) 


needs. As one of the responsible standardizing labora- 
tories, the National Physical Laboratory has been 


studying the problems involved with the object of 
establishing impeccable standards for the HV and HRC 
scales. 

Initially, primary attention was given to the Rockwell 
scale, where the major lack of agreement exists. Experi- 
mental investigation of the influence of the diamond 
indentor' revealed the substantial errors introduced by 
quite small departures from the postulated form. 
During this investigation, which was made by means of a 
deadweight Rockwell type machine built at the Labora- 
tory abour fourteen years ago, it became evident that it 
would be necessary to design and build a new deadweight 
machine incorporating modern techniques and having 


the necessary facilities for the fullest possible control of 


the indenting procedure. This machine would then 


constitute the Laboratory's standard for measurements 
of hardness in terms of the Rockwell C and B scales. 
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HV scale of hardness provided by the National Physical Laboratory. 


The design evolved for the new machine included a 
number of novel features which it seemed wise to test 


experimentally beforehand. Since these features were 
common to the simpler Vickers type deadweight machine 
which it was also planned to build, it was decided to 
proceed first with the construction of the Vickers 
machine: a description of this machine has been 
published. The design proved eminently satisfactory, 
and has therefore been accepted for the deadweight 
Rockwell type machine which is now in course of con- 
struction 

Evaluation of the precision of a standard hardness 
testing machine is seriously hindered by lack of unifor- 
mity of hardness in the test blocks used, since it is im- 
possible to distinguish variability due to the block from 
variability due to the machine. All commercially avail- 
able hardness test blocks—and they were sought 
throughout the world—showed a lack of uniformity 
which seriously impeded progress, and it became neces- 
sary to develop at the Laboratory techniques which 
would provide test blocks sufficiently uniform in hardness 
to ensure a reliable basis for the experimental work en- 
visaged. The new deadweight Vickers machine was of 
great value in this work, which made it possible to pro- 
duce blocks covering the range 950 HV to 200 HV witha 
uniformity of hardness to within 1°, of their hardness 
value at the hard end of the range, and within 2°, at the 
soft end. A description of the techniques evolved is being 
prepared for publication. 

With the aid of these uniform blocks it became practi- 
cable to investigate precisely, and in detail, the perfor- 
mance of the deadweight Vickers machine. Such 
effects as misalignment of the indentor, imperfections in 
its form, and error inthe load applied, have been examined 
In particular, measurements have been made to deter- 
mine the influence on the hardness measurement of speed 
and duration of loading. The results of some of the 
experiments made with this new machine and with an 
experimental Rockwell machine, together with the 
conclusions that the Laboratory has reached in regard to 
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the definitions and accuracy of the standards of hardness 
which it will maintain, are the subject of this article. 


Misalignment of the Indentor 

An important design feature of the new Vickers 
machine is the free sus pension of the load on the indentor, 
which ensures that there is no loss of load due to friction 
from guides. The lack of guides necessitates careful 
balancing of the load so that the indentor does not 
become inclined to its direction of movement during the 
penetration of the specimen, and thus deform the in- 
dentation. An inclination effect of this kind can occur 
in conventional type testing machines if the plunger 
which carries the indentor moves in guides which are not 
straight, or if clearances are too large and the indentor 
becomes inclined as the load is applied. 

An experiment was made in which the balance of the 
30 kyf. load was disturbed by different amounts, and thus 
the inclination of the indentor during penetration was 
varied. It was found that a change of inclination of 
10 seconds of are was necessary before a change of 
hardness value of 3 HV could be detected on a test block 
of hardness 900 HV. As the balance of the loads on this 
machine can be set easily to give repetition within 2 
seconds of are, it was concluded that errors from this 
source would be negligible. 

Because of the lack of guides, out-of-balance forces can 
1otate the load and indentor about the indentor’s axis 
during penetration, and care was taken in the design and 
manufacture to ensure that rotation during penetration 
would be negligible. To investigate the effect of rotation 
of the indentor, groups of indentations were made in 
which the indentor was deliberately rotated by increasing 
amounts. It was found that to produce a detectable 
change in hardness value, the rotation had to be sufficient 
to produce obvious rounding of the corners when the 
indentation was viewed in the measuring microscope. 
It was concluded from this experiment that, provided the 
corners of an indentation appear sharp, then no appreci- 
able error can have been introduced due to rotation of the 
indentor. 

Error in Load 

To determine practically the magnitude of errors in 
hardness value due to errors in load, groups of ten in- 
dentations were made on a test block with small addi- 


FABLE HARDNESS VALUE AND ERROR I LOAL 
‘ 1 ‘ 2 ‘ ‘ 4 Col 
Load Me 2P sw z 2 
(pat HY 
50-00 
S79 


Duration 


seconds 


tional loads attached to the standard load of 30 kgf. 
The loads used and the mean size of the diagonals of the 
groups of ten indentations are given in Table I, Col. 3 of 
the table gives the hardness values for the block as 
calculated from the known loads and the mean measured 
diagonals, whilst Col. 4 shows the hardness values 
determined from the mean measured diagonals and an 
assumed constant load of 20 kgf. Finally, the expected 
values for the mean diagonals computed from the mean 
hardness value and the known loads are shown in Col. 5. 
The following deductions may be drawn from Table 1: 

(1) The hardness values obtained for the block (Col. 3) 
are in remarkable agreement over the range of 
loads used. This agreement not only demonstrates 
that, for heavy loads, the hardness value is inde- 
pendent of the load used, but also indicates the 
precision of this indentation hardness test and the 
reliability of the mean of ten indentations on a 
test block whose total variability is about 12 HY. 
Col. 4 shows that, for this standard load and level 
of hardness, an error of 35 gf. in'the load introduces 
an error of | HV in the hardness value obtained. 
In round figures, 0-1°,, error in load is equivalent 
to | HV at this level and is the maximum load 
error which should be permitted in good industria! 
machines. 


(2) 


Col. 5 shows the expected values for the mean 
diagonals, and these depart from the observed 
values by only O-lum. This agreement demon- 
strates the accuracy that can be attained in inden- 
tation hardness testing, and is typical of the accu- 
racy that has been obtained in a number of experi- 
ments with the apparatus at the Laboratory. 


Duration of Full Load 


Ancillary pneumatic equipment in the standard 
indenting machine indicates precisely the moment when 
the full load is applied to or removed irom the specimen, 
and the design of the machine permits the duration of the 
full load to be varied independently of all other condi- 
tions of test.* To determine the effect of the duraiion of 
the full load upon the hardness value obtained, experi- 
ments were carried out in which groups of ten indenta- 
tions were made on a test block under identical conditions 
of test, except that the duration of the full load was 
changed for each group of indentations. 

The results obtained for two test blocks of hardness 
875 HV and 220 HV are shown in Figs. | and 2 where the 
mean hardness value obtained for each group of ten 
indentations is plotted against the duration of the full 
load. It will be seen that for the harder test block 
(Fig. 1), the curve rises appreciably for durations less than 
20 seconds, but for durations bet ween 30 and 100 seconds, 
although static equilibrium may not have been attained, 
the change of hardness value is in the neighbourhood of 
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only | HV. Such results indicate that for hard speci- 
mens the minimum duration for the full load should be 
30 seconds. However, Fig. 2 shows that for a soft test 
block, static equilibrium is not achieved for at least 2 
minutes after the application of the full load. Even for 
calibration work this is an excessively long time to 
maintain the full load, from both an economic point of 
view and the difficulty of ensuring complete freedom from 
external vibration. 

These results are in agreement with the readily 
acceptable fact that the time required to achieve static 
equilibrium after the full load is applied is proportional 
to the load used and inversely proportional to the hard- 
ness of the test specimen. It may therefore be expected 
that the effect will be even greater in the Rockwell C test, 
where the full load is 150 kgf., and users of this test are 
aware of the considerable creep of the indicator when the 
full load is applied to soft specimens. 

It will be apparent from these results that agreement 
between the different standardizing authorities will not 
be reached unless the definitions of the indentation hard- 
ness tests specify precise limits for the duration of the full 
load. 


Speed of Loading 


A prime consideration in the design of industrial 
indentation hardness testing machines is that the hard- 
ness test shall be carried out in a minimum of time, but 
without undue loss of accuracy. To achieve a short cycle 
of operation without introducing impulsive forces, the 
loading mechanism is usually designed so that the rate of 
penetration of the indentor is high in the initial stages, 
but diminishes to near zero values as the resistance to 
penetration increases and the indentation is nearly com- 
pleted. In the majority of machines there is a final 
stage in the indenting process which occurs when the 
load controlling mechanism becomes clear of the load 
before the resistance to penetration is equal to the 
full load. In such machines the full load is applied a little 
before the indentation is completed, and penetration 
continues at a diminishing rate until static equilibrium is 
achieved or the load is removed. 

That such a stage must exist is revealed by Fig. 2. A 
machine which has a complete cycle of operation of, say, 
20 seconds, and is also designed so that the load control- 
ling mechanism becomes clear of the load during this 
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cycle, must transfer the full load to the specimen before 
penetration is complete if the characteristics of the 
specimen will not permit the attainment of static equili- 
brium within 20 seconds. The important consequence of 
this final stage of the indenting process is that the full 
load is transferred to the test block at a finite velocity, 
and the hardness value obtained is dependent on this 
velocity. 


As rapid hardness testing was not a prime requisite for 
the Laboratory's standard machine, it was designed se 
that the load could be applied at a uniform velocity 


whilst under control of the load applying mechanism 
This velocity can be controlled within very close limits 
and can be varied from one hundred-thousandth of an 
inch per second to several thousandths of an inch per 
second. The load controlling mechanism is in the form of 
a horizontal surface which carries the deadweight load 
and moves downwards at a constant velocity. This 
arrangement ensures a uniform rate of penetration until 
such time as the test block refuses to accept the load at 
the pre-set constant velocity. At this moment the sur- 
face breaks contact with the load and the full load is 
transferred to the indentor, which continues to penetrate 
the test block at a diminishing rate until either static 
equilibrium is achieved or the motion of the horizontal 
surface is reversed so as to pick up the load at the end of 
the specified duration period. 

A number of experiments were made in which groups 
of ten indentations were made on a test block under 
identical conditions, except that the uniform velocity of 
loading was changed for each group of indentations. 
Typical results obtained on two test blocks of hardness 
950 HV and 500 HV are shown in Figs. 3 and 4, where 
the mean hardness value obtained for each group of ten 
indentations is plotted against the velocity of penetration 
It will be seen from these results that as the velocity of 
penetration is decreased the hardness value increases, 
and in particular the rate of increase is greatest as near- 
zero velocities are attained. This asymptotic approach of 
the curve to the vertical axis was found to be typical 
of all the velocity-hardness curves obtained, and shows 
that, when slow rates of penetration are used, the hard- 
ness values obtained will show large variations if the rate 
of penetration is not controlled within very close limits. 


It was impracticable to obtain hardness values for 
velocities below 0-O0001 in. sec., due to the difficulty 
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of measuring the velocity. However, an attempt was 
made to simulate the conditions that would obtain at 
extremely slow velocities by setting the rate of loading to 
see. and then stopping the descent of the 
load for a few seconds at the moment when the pneu- 
matic mdicator showed that contact between the load 
ind the controlling mechanism was at the point of 
breaking. After the few seconds pause, the controlling 
mechanism was lowered clear of the load and the full load 
maptained for 20 seconds. It is doubtful whether this 
technique would bring the load completely to rest, as the 
-urface on which the load rests is hydraulically controlled 
and creeps very slowly when not being driven. To ensure 
that the load had been truly brought to rest, the experi- 
ment was repeated, with the exception that the movement 
of the controlling surface was momentarily reversed when 
the pneumatic indicator showed that contact was about to 
break, and the surtace was then brought clear of the load. 
A number of indentations were made on a hard test block 
under these two conditions. The mean hardness values 
obtained, together with the mean hardness values for this 
test block at other velocities, are given in Table II. 
Although the velocities of loading for the last two 
values in Table IL cannot be stated, the hardness values 
contirm that the velocity-hardness curve 
ipproaches the axis asymptotically, and the table 
demonstrates the large range of hardness values which can 
he obtained merely by changing the velocity of loading. 


obtained 


To determine which stage of the penetration is the 
most Important, advantage was taken of the fact that the 
design of the indenting machine permits rapid changes 
of the velocity of loading to be made during the period 
of penetration. Experiments were carried out in which 
the velocity of penetration was changed from a high rate 
during the first part of the indentation to a low rate 
before the full load was transferred, and vice-versa. It 
was found in each experiment that it was the final velo- 
city which determined the size of the indentation, and 
hence the hardness value obtained. This result applied 
whether the velocity was changed early or late in the 
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period of penetration, and even applied in the experi- 
ments where the load was arrested at the moment of 
transfer, ic. if the load were arrested at the moment of 
transfer, the hardness value obtained was independent 
of the initial rate of penetration. 

Although this * velocity of loading ° effect is serious in 
the diamond pyramid hardness test, it does not present 
insurmountable difficulties in the maintenance of com- 
mon standards of hardness by standardizing authorities. 
nor does it seriously affect the verification of industrial 
machines. On the contrary, an awareness of this effect 
should make it possible to eliminate some of the perfor- 
mance differences which exist between industrial 
machines. 

Because of the greater loads used in the Rockwell C 
test. it was thought advisable to investigate this velocity 
of loading effect in the Rockwell test as it might be 
necessary to control the rates of penetration of the 
standard machine to be built within closer limits than 
had been envisaged. An experimental Rockwell 
machine was therefore made in which the 10 kgf. minor 
load and 140 kgf. major load could be independently con- 
trolled to vary the rate of penetration as each was 
applied. 

The results of experiments with this machine showed 
that the hardness value obtained was affected by the 
rate of penetration for both minor and major loads, but 
that the effect was greater for changes in velocity of the 
major load. The effect of changing the rate of application 
of the major load on a test block of hardness in the neigh- 
bourhood of HRC 68 is shown in Fig. 5. It will be seen 
that a change of hardness value of HRC | can be obtained 
for a change of velocity of 0-00015 in. sec., and it is evi- 
dent from these results that the standard Rockwell 
machine must be designed to control the rate of penetra- 
tion within close limits if variation in hardness value from 
this source is to be eliminated. 

Indentors 


Examination of diamond pyramid indentors from a 
number of suppliers has shown that indentors with flat 
pyramidal faces, included angles within +5 minutes of 
are of the nominal! 136 °, and points which are free from a 
ridge longer than 0-00002 in. are readily obtainable. 

Performance tests with indentors of this quality on 
hard test blocks have shown that a variation of hardness 
value of 2 HV is the most that should be encountered. 
With imperfect indentors, an error of 30 minutes of arc 
has been shown to introduce an error of 7 HV on a test 
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block of hardness 940 HV, whilst indentors whose points (6) a contribution dependent on the rate of loading 


have become slightly rounded have been shown to give 
values which are too large by about 5 HV. 

The variation in hardness value in the Rockwell © 
test which can be introduced by the indentor is known to 
be large.! and a thorough investigation of this source of 
error will be undertaken when the new standard Rock- 
well machine has been built. 


Conclusions 

It is evident from the results of the experiments dis- 
cussed above, and from a general consideration of indenta- 
tion hardness testing, that the hardness value obtained 
from a single indentation may be expressed as the sum of 

(1) the average hardness of the test block ; 

(2) a contribution due to the local area indented having 

a structure which is not average ; 


(3) a contribution from the indentor which may give 
values which are consistently higher or lower than 
that given by an average indentor ; 

(4) a constant contribution from the indenting 
machine due to such factors as incorrect load : 

(5) variable contribution from the indenting 
machine due to friction, misalignment of the 
indentor, external vibration, ete. 
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a contribution dependent on the duration of the 
full load 


(8) a contribution which may be random or syste- 
matic due to the measuring device and observer 
and 

(9) a contribution due to sources of variability not 
listed above. 

These contributions may be classified under three 


headings, and for any particular standard machine, which 
in the case of the diamond pyramid hardness test com- 
prises an indenting machine and a measuring microscope 
they are as follows 

(a) constant effects arising from the design of the 

machine (3, 4, 8) ; 

(4) effects which can be made constant by suitable 

control of the machine (6, 7); and 

(c) random effects (2, 5, 8, 9) 

By attention to design and the choice of uniformly 
hard test blocks, a standardizing authority may reduce 
the contributions from (a) and (¢) to a minimum, and 
can arbitrarily fix the contributions from (6) so that a 
scale of hardness can be maintained which is constant 
within close limits. However, it should be noted that 
this scale is not an absolute scale of hardness, but is 
vested in the particular indenting machine and measuring 
microscope regarded as the standard 

The standard indenting machine built by the National 
Physical Laboratory has been designed so that the con- 
stant errors referred to above are not only small, but are 
unlikely to change with time because the moving com- 
ponents of the machine, which are subject to wear, cannot 
influence the hardness values obtained. Similarly, the 
performance of the measuring microscope is standar- 
dised by means of a line standard which can be kept 
constant regardless of time. However, the 
hardness given by this machine can be arbitrarily shifted, 
by amounts which are commensurate with the tolerances 
used in industry, by changing the rate of loading and the 
duration of the full load 

To obtain consistent results from hardness tests carried 
out at the National Physical Laboratory, it has been 
decided to fix these variables provisionally at 0- 0003 in 
sec. for the final rate of loading, and 30 seconds for the 
duration of the full load. 

The choice of these particular values has been deter- 
mined by the following considerations 


scale of 


(4) both rate of loading and duration of full load can 
be easily controlled at these values 

(4) small departures from these values do not appre 
ciably affect the hardness values obtained at any 
level of hardness ; 

(c) the size of the indentations made by the standard 


machine working at these values is not far re- 
moved from the size of indentations produced by 
currently accepted industrial machines working 
with loads in the range 30-120 kgf.: and 

(/) the time taken to standardize a test block when 

using the standard machine at these rates is 
economically acceptable. 

The accuracy with which the hardness of test blocks 
as uniform as those produced by the N.P.L. can be 
determined from the mean of ten indentations when. using 
the standard machine under controlled conditions, is 
indicated by the close fit of the observed values to smooth 
curves in Figs. 1-4. These results, together with repeated 
observations on test blocks over the past two years, indi- 
cate that the Laboratory is maintaining a constant 


diamond pyramid scale of hardness and that, in terms of 


this scale, the hardness of a test block which is free from 
large variations can be determined from the mean of ten 


indentations to an accuracy of | 0-5°, of the mean hard- 
ness, 

BISRA Open Days 
THe British Lron and Steel Research Association is 


planning two Open Days at the laboratories at Battersea 
Park Road, London, S.W.1, on Thursday and Friday, 
October 22nd and 23rd. The Open Days will provide an 
opportunity for showing the current and continuing 
work of BISRA’S London Group Laboratories, which, 
hesides the Battersea premises, include part of the 


lronmaking Division housed at the Imperial College of 


Science at South Kensington. The Battersea premises 
house the laboratories of the Association’s Plant Engin- 


eering and Energy Division, and the Departments of 


Physics, Chemistry and Operational Research. 

In the Plant Engineering and Energy Division's 
laboratories, the Electrical Engineering Section will dis- 
play the extensive work being done on electrical control 
and recording; this will include, for example, the 
Tallimarker apparatus, one of the latest developments in 
information handling. The Civil Engineering Section 
will be showing work on the design and testing of girder 
and gantry structures, whilst the Mechanical Engineering 
Section will have on display a number of projects relating 
to the handling of bulk materials, and hydraulic and 
other control systems for steelworks’ plant. The recently 
formed Energy Section of the Division will mount 
displays relating to its recent inquiry into the fuel 
consumption of the industry. 

In the Physics Department, the new Automation 
Section will be showing one of its first projects, involving 
the automatic deseaming of billets. The Instrument 
Section will highlight several projects in support of the 
premise that instruments are the first step towards 
automation, while the Metal Physics Section will show 
something of the continuing investigations into the 
problem of combined creep and fatigue. The Chemistry 
Department will be highlighting the work of its Physical 
Chemistry, Corrosion and Refractories Sections. The 
latter will be showing a development in open-hearth 
furnace roof design which has already shown in produe- 
tion tests to offer a much longer working life than 
conventional designs. 

The Operational Research Department. besides show- 
ing the work of its Computer Application Section and 
Human Section (which latter includes 


Factors ergo 
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nomics) proposes to highlight the work of its Operational 
Investigation Section, which has already carried out 
studies on behalf of a number of firms throughout the 
industry. A special display of one of the most important 
projects of BISRA’s Ironmaking Division is being pre- 
pared, to illustrate the principle of the recently-developed 
SCICE (Stationary Charge In Controlled Environment) 
apparatus. 

The Open Days will also give visitors the opportunity 
of seeing the considerable structural alterations which 
have taken place in the old complex of buildings at 
Battersea. This is the first step in a long-term plan for 
the complete rebuilding of the premises, which in their 
long history have served as a laundry, tramcar depot, 
and research centre. 

Formal invitations to the Open Days will be issued to 
BISRA member firms very shortly. A general invitation 
is, however, extended to all industrialists and others 
interested in the engineering and technical problems 
which concern the iron and steel industry. The Informa- 
tion Officer of BISRA at 11, Park Lane, London, W.1 
will be glad to hear from those wishing to attend. 


Inco Research Fellowship 


THE INTERNATIONAL NICKEL Co, OF Canapa, Lrp. and 
The Canada Council—a body established by the Cana- 
dian Government for the encouragement of the arts, 
humanities and social sciences—have announced the 
establishment of a fellowship to honour the recent visit 
of the Queen and the Duke of Edinburgh to the nickel 
mines in the Sudbury area. By gracious permission of 
Her Majesty, the fellowship being established will be 
called “The Queen Elizabeth II Fellowship (The 
International Nickel Company of Canada, Limited. 
Royal Tour, 1959) °. The award will be a post-doctoral 
fellowship, tenable for two years, under the terms of 
which research may be undertaken in the chemistry or 
physics of metals. geophysics, geology, metallurgy, 
mineralogy, or mining. Candidates must be Canadian 
citizens and holders of a doctor’s degree, and the fellow- 
ship must be held at a Canadian university. Inco has 
deposited a total of 15.000 dollars with the Canada 
Council and the Council will supervise all arrangements 
for the fellowship. 
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The Analysis of Nickel 
Part I1—Chemical Methods 


By T. R. Andrew and C. H. R. Gentry 


stituents and impuritis s in electronic nickel 
methods and additional investigations 


Material Research Laboratory, The Mullard Radio Valve Co., Ltd., Mitcham Junction. 


A critical Survey is give ” of publish d methods for the chemical determination of the alloying CON- 
On the basis of a re-examination of the published 
spe cific methods for each element have been formulated 


Detailed instructions are provide d for carrying out the several methods with statements of the time 


require d and the precision attainable under routine conditions 


Neveral of the methods. which are 


mainly photome tric. are original, and all should be applicable to other non-fe rrous metals in addition 


Cobalt 

In view of the close association of cobalt and nickel 
it is not surprising that a wide variety of procedures has 
been put forward for the determination of cobalt in nickel. 
The oldest method still in use is the potassium cobaltini- 
trite procedure of Fischer?! which has been used by 
Kallmann®? and modified by Salver and Sweet®* who 
incorporated isotope dilution 

Consequent upon the introduction of [L-nitroso-2-naph- 
thel by Hlinsky and von Knorre** most gravimetric 
methods used this reagent and, after a zine oxide 
separation, this still remains the procedure advocated by 
Inco' and for general nickel analysis 
Two other gravimetric methods have recently been 
proposed by Ponomarev™ and by Saltikova.® but these, 
weighing as cobalt zine mercuric thiocyanate or silver 
cobalticyanide, would appear to offer no great advantages 
over the other gravimetric techniques, and to suffer from 
the same limitations in requiring a large sample weight. 

The volumetric determination of cobalt by titration 
with ferricyanide is well established, and its application 
to nickel analysis has been studied by Hall and Young.*? 
Electronic nickel, however, often contains too little 
cobalt to permit the simple use of this procedure. 
Similar objections can be raised against the polarographic 
technique of Watters and Kolthoff** which. inthe authors’ 
hands, has not proved applicable to cobalt contents be- 
low 0-05°,,. 

Smales, Mapper and Wood?* have pat forward an 
elegant radio-activation method for the determination of 
traces of cobalt in steel. This method should be equally 
applicable to nickel, but requires access to an atomic 
pile or other source of high neutron flux, and is con- 
sequently not suitable for rapid analytical control in a 
works laboratory. 

Having rejected all these methods for one reason or 
another, a close scrutiny and examination was made of 
the myriad photometric procedures which have been 
described in the past twenty years. Two of the newer 
reagents appeared to be most promising—-3-methoxy- 
5-nitrosophenol, proposed by Torii*® and independently 
by Peach*!—and_ diacetylmonoxime p-nitropheny!- 
hvdrazone suggested by  Feigh and  Goldstein.*” 
Attempts to utilise the procedure of Feigl were 
unsuccessful, but work on the method of Torii gave 
promising results. This work was finally abandoned 
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to nickel 


(continued from page 30 of the July issue) 


because of the difficulty of preparing the reagent in any 
reasonable quantity 

The use of nitroso-R salt as advocated by A.\S.T.M24 
is, in our Opinion based on work on steels, unsatisfactory 
for low levels of cobalt, since large amounts of reagent 
must be added to combine with the nickel, giving rise 
to a high optical density even in the absence of cobalt 
This procedure has been studied by Claassen and Wester 
veld® and by Finkelshtein,“* who advocates preliminary 
separation of nickel and copper. Dean*® has an interest 
ing variant in which he carries out a chromatographic 
separation after formation of the cobalt nitroso-R = salt 
complex 

Middleton and Stuckey™ have applied 
graphic separation to the photometric determination of 
cobalt with |-nitroso-2-naphthol after prior purification 
of the reagent. Claassen and Daamen*? have proposed 
2-nitroso-l-naphthol for the photometric determination 
of cobalt in nickel, and in our experience this procedure 
gives excellent results, but suffers from two minor 
disadvantages the need to purify the reagent, and the 
need to maintain the pH within the rather close range 
3-0-3-8. Nitrososalievlic acid has been suggested as a 
reagent by Perry and Serfass,** but requires the absence 


chromato- 


of copper. 

The blue colour given by cobalt thiocyanate in the 
presence of organic solvents such as acetone has been 
known for almost a century, and has been studied by 
Young and Hall®* and by Uri Both these workers 
state that the calibration curve is non-linear, and the 
values adduced indicated that the sensitivity of the 
procedure is inadequate for the analysis of electronic 
nickel. However, it has been shown by Dwyer, Gibson 
and Nyholm." and subsequently by Affsprung, Barnes 
and Potratz.” that tetraphenylarsonium chloride reacts 
with cobaltous thiocyanate to give a product which may 
he extracted from aqueous solutions by chloroform to 
give an intense blue solvent layer fecent work by 
Zeigler and Glemser™ suggests that a similar reaction 
takes place with tri-n-butvlamine, but this has not been 
studied by the authors. 

The advantages of the tetraphenylarsonium cobalto- 
thiocyanate procedure are that it gives a linear calibration 
curve of adequate sensitivity ; is rapid and simple to 
has a usable pH range of 2-7, permitting 


operate 
and is subject to 


considerable latitude in operation 
interference, in the case of electronic nickel, only from 


| 
? 
ou 


ferric iron, an interference which may readily be elimina- 
ted by the addition of ammonium fluoride or fluoborate. 
The method finally devised is as follows : 


Dissolve 100 mg. sample in 2 ml. nitric acid (1: 1) 
and evaporate to dryness on a steam bath. Add 2 ml. 
hydrochloric acid and repeat the evaporation to 
dryness in order to remove the majority of the nitric 
acid. Dissolve the residue in about 10 ml. water and 
transfer to a separating funnel of 100 ml. capacity. 
Add ammonium hydroxide solution (1:1) until the 
deep blue nickel ammine is formed, and add hydro- 
chloric acid (1:1) dropwise until this colour is des- 
troyed. Dilute to approximately 25 ml. and add 5 ml. 
50°) ammonium thiocyanate solution. Mix and add 
10 ml. 1°,, ammonium fluoride solution followed by 
10 ml. 0-1°,, tetraphenylarsonium chloride solution. 
Mix well and allow to stand for 4-1 minute. Add 
10 ml. chloroform and shake vigorously for 1 minute. 
Allow the layers to separate, and run off the lower 
layer into a clean dry 25 ml. graduated flask. To 
the solution left in the separating funnel add a further 
5ml. 0-1°, tetraphenylarsonium chloride solution, 
allow to stand 4-1 minute and repeat the extraction 
with 10 ml. chloroform. Combine the extracts and 
dilute to 25 ml. with chloroform. 

Transfer the chloroform solution to a clean dry 
+0 ml. beaker containing approximately Ig. anhydrous 
sodium sulphate and mix gently. Decant the clear 
liquid into a photometer cell and measure the optical 
density. Suitable conditions are: (a) using filament 
lamp, H503 and Ilford 607 filters—1 em. cell, 0-1-2°,, 
Co; 4 em. cell, 0-0-3°, Co; (b+) using spectrophoto- 
meter at 620 em. cell, O0-1-0°, Co; 4 em. cell, 
0-0-25°, Co. 


By reducing the volume of chloroform used for 
extraction, analyses may be made on sample weights as 
low as 10 mg., provided that micro-absorption cells are 
used, 

It has been the authors’ experience, using AnalaR 
reagents, that no cobalt is picked up in the procedure, and 
there is no need, therefore, to carry through a blank 
determination. For calibration purposes, it is not neces- 
sary to add nickel, provided that the pH range is adhered 
to. The presence of nickel, however, facilitates this 
adjustment of the pH, and it is not necessary that it 
should be abolutely free from cobalt, since the optical 
density of the solution to which no cobalt has been added 
can be subtracted from the values obtained with the syn- 
thetic standard solutions. This is permissible, since the 
reagent solution has negligible absorption at the wave- 
length chosen for measurement. For preparing the 
synthetic standard solutions, either pure cobalt or a 
standardised solution of a cobalt salt may be used: in 
both cases the solution must be free of nitrate. 

The procedure is very simple in operation and, when 
analysed in batches, less than twenty minutes is re- 
quired for each sample. The precision of the method is 
such that in samples containing up to 0-1°,, cobalt the 
average deviation from the mean of a number of replicate 
determinations on several samples was less than 0-001° ,, 
cobalt. On the Mond Nickel Company's standards, the 
coefficient of variation for a single determination was 


found to be +2°5 


Copper 


Many methods have been proposed for determining 


copper in nickel or its salts ; the problem is not to find 
an adequate method, but to make a choice from those 
available. 

The electrolytic determination of copper after prior 
separation as the sulphide is advocated by Inco! and the 
AS.T.M2 Although capable of giving excellent results, 
these procedures require large sample weights and are 
much more time-consuming than most of the photo- 
metric methods which have been put forward. 

Photometric methods for the determination of traces 
of copper in the presence of large amounts of nickel have 
been based upon the use of the cuprammonium complex," 
the red-violet colour given by cupric copper in the 
presence of hydrobromic and phosphoric acids,* extrac- 
tion with dithizone,” * extraction of the diethyldi- 
thiocarbamate in the presence of E.D.T.A.,47 4% 49 
extraction using cadmium diethyldithiocarbamate,°° and 
extraction of the 2-2’ diquinolyl complex.*! No doubt 
many other reagents could be used, and in particular 
very satisfactory methods could probably be based on the 
specific reagents, 2 : 9-dimethyl-1:10-phenanthroline®, 
or bis- 
cyclohexanone oxalyldihydrazone.™ 

Although otherwise satisfactory, the procedure of the 
AS.T.M# is, in the present authors’ view, too long, 
involving as it does a preliminary filtration followed by a 
separation of the copper on to lead before the photo- 
metric finish. Of the other published methods, the 
present authors prefer those based upon the use of the 
dithiocarbamate or diquinoly! extracts. Several versions 
of the dithiocarbamate method have given good results, in 
particular a method® due to Claassen and Bastings which 
uses lead diethyldithiocarbamate. However, since the 
diquinoly! method®* °7 has been adopted in this Labora- 
tory since 1952 for the general determination of small 
amounts of copper, its use has been preferred for the 
analysis of nickel. It has no apparent disadvantages in 
comparison with other published methods. 

The details of the method as used in this Laboratory 
are essentially the same as those recommended by the 
B.I.S.R.A. Physico-Chemical Methods of Analysis Sub- 
Committee for the determination of copper in steel®* and 
adopted as a British Standard.°* The execution of this 
method is simpler than that proposed by Elwell.°' For 
keeping the hydroxides in solution, the B.IS.R.A. 
procedure using citrate has been retained in the interes t 
of standardisation, although some slight advantage might 
be had by using tartrat+ instead. In particular, it might 
he noted that over the pH range 2-8 the extraction of the 
copper complex is effectively complete from tartrate 
solution with | minute’s shaking: in the presence of 
much citrate, however, this is not so with pure copper 
solutions, although it is in the presence of large amounts 
of iron. 

The method proposed is as follows : 

Weigh 0-25 g. sample into a 250 ml. beaker. Dissolve 
in 10 ml. nitric acid (1:1) and 10 ml. phosphoric- 
sulphurie acid (3:3: 14). Take to fumes. Cool, take 
up in a little water and dilute to 50 ml. in a graduated 
flask. Pipette 10 ml. into a 100 ml. beaker, add Ig. 
hydroxylamine hydrochloride and warm on the steam 
hath for 5 minutes. Cool rapidly to room temperature, 
add 10 ml. ammonium citrate solution (made by 
dissolving 40 g. citrie acid in 20 ml. water, cautiously 
adding 50 ml. conc. ammonia and diluting to 100 ml.) 
and wash with a minimum of water into a 50 ml. 
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Add from burette 10 ml. 0-05°, 
2-2'-diquinolyl in amyl alcohol and shake vigorously 


separating funnel. 

for 2 minutes. Allow layers to separate and run-off 

and discard the lower laver. Run-off the alcohol 
layer into a | em. cell through a dry 9 em. filter paper 

(Whatman 540). Measure the optical density against 

a water cell using either an absorptiometer with a 

mercury vapour lamp and Wratten 74 with H503 

filters, or a spectrophotometer at 545 mp. Carry out 

a blank determination on the reagents, preferably 

using copper-free nickel and apply a suitable correc- 

tion. The range of the method on the absorptiometer 
is up to 0-2°,, copper. 

For calibrating the method, a series of synthetic solu- 
tions made from pure nickel and a standard solution oi 
copper in nitric acid may be used. If copper-free nicke! 
is not obtainable, an appropriate zero correction must be 
applied. The present authors have never encountered 
any difficulties with this method using ‘soamyl alcoho! 
of milk-testing quality and diquinolyl from several 
sources. 

The method is specific for copper , the phosphoric acid 
keeps any tungsten in solution and any insoluble silica 
which is transferred with the aliquot taken is retained in 
the filter paper used primarily for drying the organic 
layer. The method is rapid, and batches of samples can 
be analysed at a rate equivalent to about twenty 
minutes per determination. When applied to the Mond 
Nickel Company's standards on a routine basis, a co- 
efficient of variation for a single determination of + 6°, 
was found. 

Iron 


Both Inco! and A.S.T.M.2 advocate a volumetric 
determination of iron, after preliminary ammonia 
separation, on a 5-l0g. sample of nickel. The A.S.T.M. 
procedure for electronic nickel® uses a photometric 
thiocyanate procedure without separation, but this does 
not meet the present requirements since it is not appli- 
cable in the presence of tungsten. In this Laboratory, 
a simple photometric procedure using thiocyanate was 
also used for many years, but to get results of the highest 
accuracy it was advisable to carry out a separate calibra- 
tion with each batch of determinations. This was felt 
to be unsatisfactory and attention was turned to the 
development of an alternative procedure. 

Ferric iron can readily be extracted into organic 
solvents, and by taking advantage of this fact a photo- 
metric method could obviously be developed. However 


the requirement was for a simple method and, in view of 


the large number of methods extant for the photometric 
determination of iron (see, for example, West®®) a direct 
method was considered to be possible. Three such 
methods have been investigated in detail. These utilised 
1:2-dihvdroxybenzene-3:5-disulphonic acid (disodium 
salt)—i.e. tiron, tartaric acid, and nitroso-R salt, 
respectively. 

The authors’ early experiments were based on the use 
of 1:2-dihydroxybenzene-3:5-disulphonic acid (disodium 
salt), as advocated by Yoe and Jones*'. This reagent had 
already been applied to iron determination in nickel by 
Potter and Armstrong*® who, however, made a prelimin- 
ary separation with ammonia. Since it was desirable to 


avoid this, the authors have studied the possibility of 


directly determining iron in nickel with this reagent. The 
difficulties caused by the high optical density of the 
nickel at the operating wavelength (550 my) in a sodium 
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horate buffer were overcome by addition of potassium 
cevanide after colour formation. This procedure gave good 
results in the authors’ hands, but was abandoned when 
other associated laboratories reported inconsistent results 
when using it 

The next procedure to be considered was proposed by 
Nielsch and Béltz® for the determination of iron in 
copper alloys. This elegant method utilises the absorp 
tion of ferric tartrate at 350 my in the presence of excess 
tartaric acid at pH 2-5. A compensating solution is 
obtained by addition of sodium pyrophosphate to the 
solution which forms a stronger iron complex than the 
tartrate 

Using this procedure, excellent, reproducible, linear 
calibration graphs were obtained on pure nickel solutions 
to which iron had been added. However, when applied 
to actual nickel alloys, for some inexplicible reason, the 
pyrophosphate failed to destroy fully the ferric tartrate 
complex. Because of this, it was necessary to dispense 
with the compensating solution and to apply a correction 
for the absorption due to the nickel. In this way, very 
yood results were obtained, but the procedure was not 
considered as simple as that of the third technique which 
was tried. 

In 1957, Dean and Lady®™ put forward a method of 
general applicability tor the photometric determination 
of ferrous iron with nitroso-R salt. In essence, this relied 
on the reduction of iron to the ferrous state with hydra. 
zine, addition of sufficient nitroso-R salt to react with all 
the elements present, adjustment of the pH to 6-7, and 
heating to 90°C. until the interfering complexes and 
excess reagent were destroyed and the iron colour fully 
developed. 

This procedure works fairly well for nickel, but is open 
to one or two objections. In particular, the ferrous 
nitroso-R salt complex is not entirely stable in the pre- 
sence of hydrazine at elevated temperatures, and it 
requires some skill to judge the precise moment at which 
to remove the solution from the steam bath or other 
source of heat. Destruction of the coloured complexes 
without destruction of the excess nitroso-R salt is not 
practicable in this pH range, because of the absorption 
of the reagent at the wavelength of measurement 
(720 myp.). 

Reference to the earlier work of Grifting and Mellon,” 
however, showed that at pH values below 5 the trans- 
mission of nitroso-R salt solutions was almost 100°, at 
720 mp. It was further stated by these authors that the 
ferrous nitroso-R salt colour could be fully developed in 
the cold by standing for 20 minutes. On pure iron 
solutions, this procedure was found to be satisfactory, 
but it was still necessary to eliminate the interference 
formed by the nickel and other metal nitroso-R salt 
complexes. It was found experimentally that all these 
complexes, other than cobalt, were destroyed by addition 
of ethylenediaminetetra-acetic acid (disodium salt), 
(Complexone IL1). The absorption spectrum of cobalt 
is sufficiently removed from that of iron® to constitute 
no interference. 

Two points should be noted particularly about this 
procedure. Firstly, since the iron competes for nitroso-R 
salt with nickel and other complex-forming metals, it is 
essential that sufficient nitroso-R salt be added to 
provide a slight excess over all requirements. If in- 
sufficient is added, but the amount is precisely controlled 
and the nickel content is constant, a linear calibration 
graph is still obtained, but of greatly reduced sensitivity. 


Secondly, all British supplies of nitroso-R salt and hy- 
drazine hydrochloride tested by us contain iron and need 
to be purified. Fortunately the treatment is in both 
cases very simple. Hydrazine hydrochloride is dissolved 
in water and filtered from the insoluble impurities. The 
filtrate is made about IN with hydrochloric acid and the 
white crystalline precipitate collected and washed with 
alcohol. Nitroso-R salt is purified by dissolving in hot 
water to make an approximately 5°, solution and al- 
lowing to cool. The clear yellow product is filtered, 
washed with 50°,, alcohol tollowed by ether, and allowed 
to dry in air. 
The final form of the procedure is as follows : 
Dissolve 25mg. sample (for nickels containing 
<0-2°) Fe) in I ml. dilute nitric acid (1:1) and add 
2 ml. hydrochloric acid. Evaporate to dryness and 
take up in lO ml. 1°, hydrochloric acid. Filter, if 
necessary, and transfer to a 100ml. graduated flask 
Add, in this order and mixing between additions, 
5 ml. 10°, hydrazine hydrochloride, 25 ml. 1°, nitroso- 
R salt and 10 ml. 1M acetic acid~1M ammonium acetate 
buffer solution. Allow to stand 30 minutes, add [0 ml. 
2°. ethylenediaminetetra-acetic acid (disodium salt), 
dilute to the mark, mix, allow to stand 2-3 minutes, 
and measure the optical density in a 4m. cell at 
720 mp. The range of the method is up to 0-2°,, iron, 
A blank determination iron-free nickel, 
nickel containing a known small amount of iron, should 
be carried through the procedure to compensate for the 
small colour blank. <A calibration curve is prepared in 
the same way from iron-free nickel to which standard 
additions of iron are made. 
A batch of six samples may be analysed in about two 


on or on 


hours. On the Mond Nickel Company's standards, the 
coefficient of variation for a single determination was 
1-5%. To he continued. 
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Production Model Mass Spectrometer 


EvecrricaL Lrp. has 
just completed the first production model of the MS7 
inass spectrometer. The instruments now being pro- 
duced are for the National Physical Laboratory, the 
Services Electronics Research Laboratory, the Mond 
Nickel Company and the United Kingdom Atomic 
Energy Authority. Recently, orders for this instrument 
have also been received from France and the U.S.A. 
The MS7 mass spectrometer has been designed specifi- 
cally for the purpose of measuring minute impurities in 
solid substances, using the spark ionization technique. 
It will be invaluable in fields of science and engineering 
where it is essential to use materials of the highest 
purity, such nuclear engineering, semi-conductor 
research and manufacture, and in the development of 
non-ferrous metals and alloys. Some of the materials 
which have been successfully analysed down to 0-01 
p.p.m. with the prototype model include uranium, 
reactor grade graphite, germanium, selenium, silicon, 
yvallium-arsenide, magnesium, titanium, tungsten, iron, 
copper, aluminium, tin and nickel-chromium alloys. 
The type MS7 is a double-focusing instrument of the 
Mattauch type, in which positive ions, representative 
of the sample composition, are produced when a high- 
voltage spark occurs between two electrodes of the 
sample material placed closed together in vacuum. 
After passing first through an electrostatic analyser, 
and then through a magnetic analyser, the ions come to 
focus according to their mass, but irrespective of their 
initial energy, as a series of lines ona photographic plate. 
For the analysis of impurities in solids, the photo- 
yraphic plate is used as an integrating device, and a 
serics of exposures of gradually increasing length are 
taken (a rack mechanism allows up to ten exposures to be 
recorded on the same plate, and the exposure is accur- 
ately determined by the total integrated charge falling 
on the monitor collector). The concentration of the 
impurity is estimated from the intensity of the lines on 
the longer exposures, and with this technique, concentra- 
tions down to the level of 0-G1 p.p.m. can be determined. 


as 


The method is particularly useful for giving a general 
picture of the impurities in a solid. The whole mass 
range from 7 to 240, covering all elements, can be 
recorded in a single exposure of the photographic plate. 
Compared with emission spectroscopy, the spectra are 
simpler and the elements easier to identify. Moreover, 
qualitative and semi-quantitative analyses can be 
carried out without extensive calibration. 
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ENSURE PERFECT PERFORMANCE 


This horizontal rectangular muffle is ideal for such 

Purposes as incineration, burning off precipitates, 

and the heat-treatment of small samples of metal 

The proportions have been fixed after caretul 

examination of such laboratory needs. Temperature 

Now ; control by a hand-operated energy regulator type 

° % controller. Maximum recommended temperature 
available —1,000°C (1832 F). Wild-Barfield’s great ex- 
from stock . perience ensures periect periormance and a long 


trouble-free life. Full details on request. 


Li 
ALL HEAT TREATMENT PURPOSES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS. OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone Watford 26091 (8 lines) 
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LEARN HOW TO:— 
SPECIFY, 

TEST, 

USE, 


SHERARDIZING 


ZINC ALLOY 
RUST-PROOFING CO. LTD 


SHAKESPEARE ST. WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON 27531 


(5 lines) 


ALSO AT LONDON AND ROCHDALE 
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H. C. COPPER BUSBARS 


Up to 10” wide x |” thick or 3” square drawn finish; up to 12” x }” x 16’ hard 
rolled: Extra heavy machined bars to customers’ requirements. 
Tubular and laminated busbars. 


Pre-assembly work on copper busbars 


Facilities are available in our Works for bending, sawing, 
drilling, slotting, and tinning to customers’ requirements. 


THOMAS 
BOLTON 
& SONS LTD 


Head Office: 
Mersey Copper Works, 
Widnes, Lancashire 
Telephone: Widnes 2022 


London Office and Export Sales 
Deparrment: 


168 Regent Street, W.! 
Teiephone: Regent 6427 
Cables: Wiredrawn, London 


(Above) 

Cathode bar, H. C. copper, 14’ 
23” long x 8” x §”, machined taper (Right) 
from 8” to 3” for distances of 7’ Anode bar, H. C. copper, 
6” and 5’ |” from each end respec- 14’ 53” long x 8” x §” 
tively, drilled with eleven }}” diameter drilled with holes }” 
holes and |2 elongated holes. diameter. 


SUPER PURE BASIC METALS & ALLOYS FOR THE INSTRUMENT, ELECTRONIC & AIRCRAFT INDUSTRIES, 
NICKEL, COPPER, IRON, MANGANESE COPPER, BERYLLIUM COPPER & MAGNETIC ALLOYS 


MUMETAL 


SOFT MAGNETIC ALLOYS poe 
High permeability Nickel { SUPERMUMETAL 
Iron Alloys for cores AL 


and laminations. RADIOMETAL 
RHOMETAL 


High permeability Cobalt- 
Vanadium Iron Alloy with 
high saturation for 
lightweight generators, 
ultra-sonic generators 
and vibration test gear. 


alloy for computors H.S. ALLOY . 
and magnetic amplifiers. 56lb. High Vacuum High Temperature Coreless Induction 


SUPERMENDUR 
PERMENDUR 


DUCTILE HARD VICALLOY 

MAGNETIC ALLOY Permanent magnet TELCON THERMOSTATIC BIMETALS 

ST, alloy of ductile in various grades for instrument protection, and 
and machinable compensation — overload protection of motors, 


Vanadium Alloy. quality. synchros and similar electrical devices. 


Most alloys available in strip, rod, bar and wire. THE TELEGRAPH CONSTRUCTION 
BERYLLIUM COPPER to Specification 010900 cy & MAINTENANCE CO. LTD. 


2y, Beryllium Alloy, for Springs, Fuse Clips, High tensile strength 
Contacts. Meter Pointers and Valve Clips and fatigue resistance. Metals Division: Telcon Works, Crawley, Sussex 


(Berylitum Copper Alloys of other compositions are uvatiable for special requirements) Tel: Crawley 1560 


We look forward to seeing you at our STAND No. 185, S.B.A.C. Exhibition, Faraborough, Sept. 7-13. 
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Matched service for 


continuous quenching 


( 


. 
FLETCHER MILLER compounds 


FLETCHER MILLER LTD.,ALMA MILLS, HYDE, CHESHIRE. 
Telephone: HYDE 3471 (5 LINES) Telegrams: EMULSION, HYDE 


Also at LONDON, WEST BROMWICH, NEWCASTLE-ON-TYNE, CARDIFF, GLASGOW AND BELFAST 


> 


furmaces 


OIL FIRED 
FURNACE 
ANNEALING 
CAST IRON 


By Courtesy of 
Aga Heat Ltd. 


SISMEY & LINFORTH/ 


241 ALCESTER ROAD SOUTH BIRMINGHAM 14. 
TELEGRAMS: SISMEY, BIRMINGHAM 


TELEPHONE H/IGHBURY 1369. 
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ANDREWS 


and COMPANY LIMITED 


HIGH-GRADE STEEL MAKERS 


( HIGH SPEED STEELS 


“HARDEN 


BLACKHEART 
THE LIMITED | MALLEABLE IRON 


Telephone Telegrams 


SHEFFIELD 22131 SHAFTING, SHEFFIELD, 4 C A T fe G 


MECHANICAL WORLD 
MONOGRAPHS 


| No. Title Net price By post 


48 Flow-Line Planning in Factory Layout 2 0 2/2 
49 Alloy Steels: Their — and 


Industrial Application 2/6 2/8 
50 Aluminium and its Alloys 2/6 2/8 } 
5! Balland Roller Bearings .._.. 46 49 
52 An Outline of Advertising for Engineers 2/0 2/2 
| 53 Industrial Grinding and Reduction 
| 54 Practical a and Works 
Relations .. 3/6 3/8 
55 Factory ( ‘anteens : Their Planning 
and Equipment... . 2/6 2/8 
56 Helical Springs .. 2/6 2/8 
57 The Machining and Manipulation of 
Stainless Steels .. 3/6 3/8 
59 The Surface Area and Volume of 
Dished Ends 2/6 2/8 
61 Cams and Springs for Poppet Valves 26 2/8 
| 62 Relaxation of Constraints and 
Moment Distribution ; 30 3/2 
| 63 Work Study and Incentives ! 40 4/2 
| 64 Electroplating and The Engincer 40 42 
65 Productivity and Probability 50 §/2 
Steam Trap Maintenance 28 
| Choosing Electric Cables 3 38 


EMMOTT & CO. LTD. “HALE HALE TIPTON- ‘LTD. 


31 King Street West, Manchester 3 pu DLEY PORT, STAFFS, 
London, E 


M.3. 


| 
| 
| London: 50 Temple Temple Avenue, GRAMS: *HALEFO’ TIPTON PHONES: TIPTON 1671/5 
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you don't 


need a piggy-bank to save! 


you need a FRANKLIN-DINE OIL BURNER to achieve immediate economy in 


Whatever the consumption, from [th to 150 gallon per hour 


oil fuel 


A Denison 
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August, 


Model T42B Universal Testing 
oratories of Fohn Holroyd & Co. Lid., Holfes Works, Rochdak 


Photograph shows the Patent Mechanical Extensometer being used 


1959 


Machine at the 


SAML. DENISON & SON LTD. 


lab- 


there is a FRANKLIN-DINE OIL BURNER to give 


increased oil economy at lower maintenance cost 


Write to-day for full particulars 


for all furnaces 


Manufacturers of 
INDUSTRIAL FURNACES AND O!L BURNING EQUIPMENT 


FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD. 
BAKER STREET, SPARKHILL. BIRMINGHAM, I! 
Phone ViCtoria 2579 


DENISON UNIVERSAL 
TESTING MAGHINES 


10-50 TONS CAPACITY 


multi-capacity Self-Indicating Universal Testing 
Machines embody many outstanding features The load is 
accurately measured through knife-edged weighing levers and 
all controls are conveniently grouped so that operators find 
these machines a pleasure to handle 


‘The New 28PH Autographic Stress-Strain Recorder is a con- 
siderable advance on the general methods for the production of 
graphs showing the behaviour of the specimen under test. The 
high magnification Patent Mechanical Extensometer operates 
direct from specimen 

No. 36 Load Pacing Disc with an infinitely variable range of 
speeds on any capacity range can be fitted where it is desired to 
load at a constant rate 

May we send you further details ? 


HUNSLET FOUNDRY MOOR ROAD LEEDS 10 
Tel : Leeds 7-5488 Grams : ‘Weigh Leeds 10° 
LONDON BIRMINGHAM MANCHESTER LEEDS 


Area Offices at 
SLOane 4028 Midiand 3931 Blackfriars 1986 Leeds 2.8433 
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ATTACHMENT CAMERA 
for 


PHO TOMICROGRAPH i 


FOR ALLOYS 


SILICON e MANGANESE e ALUMINIUM 
NICKEL e BORON e TITANIUM 
CHROMIUM e RUTILE COPPER 


Since 1869 Blackwells have been recognised 
pioneers in Metallurgical development. 


35 mm. or plates 


* Versatility 


* Speed 


* Quality 
Their Technical Advisory service is unique, 


and your enquiries on your particular problems 
are invited. Get in touch today with : 


R. & J. BECK LTD 
69/71 MORTIMER ST~ LONDON W.1 — Bi aCKWELLS METALLURGICAL WORKS LTD. 


Pre-eminent for more than a century 


Dept. 10, Thermeta!l House, Garston, Liverpool 19 
Phone: Garston 980 ‘Grams: Blackwell,’’ Liverpool 


INTRODUCING THE ~——— —————— — — — — — 


SWINNEY 


Self Proportioning Oil Burner 


Single jever control 


Correct oil air ratio at all outputs 


Hot oil circulation to metering valve 


High combustion efficiency 


The Swinney Moduflame is an advanced type of Low Air Pressure 
Oil Burner. Control! of output is effected by the operation of a 
single lever, automatically proportioning oil and air quantities in 
the correct ratio for all firing rates. High combustion quality is 
fer maintained over the whole operating range of the Burner resulting 
a 3 = in savings in fuel cost and prolonging refractory life. 
| 


2 FOR FURTHER INFORMATION WRITE OR PHONE | 
SWiNNEY BROTHERS LTD 
MORPETH NORTHUMBERLAND Tel: MORPETH 92/3 SWINNEY 
LONDON: 34 CRUTCHED FRIARS €E.C.3 Tel ROYAL 2977 
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ALLOYS for 


Ferro Tungsten 80 85", 
Ferro Vanadium 35/80°% 
Ferro Molybdenum 70 75°, 
Calcium Molybdate 40 50°, 


Manganese Metal 
Chromium Metal 


HIGH 
Ditton 


for 
STEELMAKING TOOL TIPS 


Molybdenum Briquettes 55 65°, 
Ferro Titanium 20 25°, and 40”, Tungstic Oxide 
Tungsten Metal Powder 98 99°, Titanium Carbide 


Our specification booklet, giving fu 


SPEED 


Telegrams : ALLOY, WIDNES 


METALS and POWDERS 


DRAWING DIES, Etc. 


Tungsten Metal Powder 
Tungsten Carbide 


Ammonium Para Tungstate 


and other metallic carbides 


i) detarls of all our products and our quarterly ALLOY Metals Review. will be gladly sent on request to 


us at DITTON ROAD. WIDNES, LANCASHIRE 


STEEL ALLOYS LTO. 


Road, Widnes, Lancashire 
Telephone: Widres 266] 


SINTERING and BRAZING 
FURNACES LTD 


Head Office: 124a-130 EDINBURGH AVENUE, TRADING ESTATE, SLOUGH, BUCKS. Tel : SLOUGH 21143 & 24746 


Works 


1350°C. INCORPORATING A FULLY AUTOMATIC BOAT 
CONVEYANCE SYSTEM (Pat. No. 789,760) LOW HYDROGEN 
CONSUMPTION. 66 kWs 8’ 


ILLUSTRATION 
SHOWS THE NEW 
DESIGN OF ‘PUSH-PULL’ 2 ZONE 

HUMPBACK FURNACE FOR USE WITH 
REDUCING ATMOSPHERE FOR TEMP. UP TO 


WIDE BOATS. 


183 LIVERPOOL ROAD, TRADING ESTATE, SLOUGH, BUCKS. 
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CLASSIFIED ADVERTISEMENTS 


| SITUATIONS VACANT continued SITUATIONS VACANT continued 


Classified Advertisements are inserted at the 
rate of 2/6 per line 


SITUATIONS VACANT UNIVERSITY COLLEGE OF SOUTH 
: WALES AND MONMOUTHSHIRE EXECUTIVE SALES ENGINEER 
\ METALLURGICAL CHEMIST DEPARTMENT OF METALLURGY A rapidly expanding Company en- 
$ th fi ‘rience of electro deposition Applications are invited from graduates raged in the engineering, manufacture 
interested in research is for the post of Research Assistant in operation of com srocessing 
“All a responsible position Metallurgy. Salary £675 per annum. the Steel desire 
The appointment is for one year but may 
‘concerned with the production of printing PI : . : Sales Executive for negotiation at top 
concerned wi I be renewable for a further two vears. oF 
plates by electroforming and with techni- : management level. 
1 de velopments in this field Ample time and facilities for research. \ Graduate Mechanical or Chemical 
to £1,100 year Applications should be submitted to the h 3 
Starting salary up to year | ‘atl with to years sales 
according to age and experience. Non- | engineering experience preterred, an- 
Park, Cardiff not later than September 1, 
contributory pension scheme. 1959 didates should have knowledge = of . 
Candidates, who should be under 30 cas | | modern steel manufacturing processes. 
“ars we, should write giving age and ; ; | Successtul applicant can anticipate 
| tion requires an investigator to join a 
rHE STAFF MANAGER 1 Company after a period of demonstra 
BANK OF ENGLAND PRINTING team undertaking research on cupola This = 
WORKS melting. An elaborate, well-instrumented I 
hot-blast cupola on an industrial scale 
with drive and ambition 


LANGSTON ROAD, 
LOUGHTON, ESSEX 


has been prov ided at the \ssociation’s 
laboratories for this work. This vacancy 
provides an excellent opportunity for 
fundamental work in a field of considerable 
practical importance. Candidates should 
be of diploma, degree or equivalent stan- 
dard and should be able to handle physical 
chemical and thermal calculations. They 
need not have had actual experience of 


Write in confidence to : 
Personnel Manager 
AIR PRODUCTS (G.B.) LTD., 
49,50, Poland Street, 
London, W.1. 


APPLICATIONS invited from British 
*” subjects by birth possessing degree or 
equivalent qualification interested in 
providing technical assistance to in- 
idustry. Good personality and previous 


AMOND Compound Manutacturers 


industrial experience necessary Age | 

preferably 30°35. Salary commensurate cupola operation but they should have an require experiences epresentative 

with experience. Write: Secretary, | 'terest in the practical operation of this | Demonstrator, with sound technical know- 

British Non-Ferrous Metals Research | ™elting unit. | ledge of all metallurgical applications, 

1 Association, 81-103, Euston Street, Lon The salary will depend on age, experience | polishing and metallography. Driving 
and qualifications Applications should | licence is essential applications for al! 


areas considered. Box M.I. 58, METAL 
LURGIA, 31 King Street West, Manchester 


3. 


don, N.W.1. 


be sent to the Director, British Cast [ron 
tesearch Association, Bordesley Hall, 
M ETALLURGIST required for the Divi- Alvechurch, Nr. Birmingham. ~ 

~~ sional Laboratory. Experience in the 
production of Steel Forgings desirable. 


\.E.R.E. HARWELL 


Applicants should have a degree or EXPERIMENTALISTS 
equivalent qualifications. | (A) Reference No. 5030 /126 : 
Apply : High Duty Alloys Ltd., Wind- required for a group engaged on the fabrication technology of prototype P 
sor Road, Redditch. advanced fuel elements. Applicants should have G.C.E. at advanced level, 
MANCHESTER EDUCATION H.N.C. or equivalent qualifications ; they should have experience in ceramic, 
* COMMITTEE welding or metallurgical fabrication processes, 
4 Applications are invited for two lecture- Salary £500 £1,260 according to age and experience 
> ships in Metallurgy. The posts will (B) Reference No. 5042/126 
eventually be established in a new central (b) two are required to take part in an investigation into the effects of 
technical college to be erected by the irradiation on graphite, involving the study of a wide range of physical 
authority and in the meantime will be properties of graphite and of the effect of heat treatment on irradiated graphite. 
tenable at the Manchester College of One is required to supervise a small section devoted to the irradiation testing 
Science and Technology. of graphite (salary £1,025 £1,260) and the other to work under him (£500 at 
Candidates should be graduates or hold age 20. £885). Applications should have G.C.E. at * A’ level, HNC. or equiva 
equivalent qualifications with specialised lent qualifications. 
knowledge and experience in one of the Housing and Superannuation Schemes 


Please send a POST CARD quoting the appropriate reference number for 
details to the: 


following : 

Foundry Practice, Metallurgical Analy 
sis, Refractories, Non Ferrotus Extraction 
or Physical Metallurgy 

Salary, Lecturers Scale of the Burnham 
Further Education Report, 1956, £1,260 
£31 10s. £1,417 10s, 


Group Recruitment Officer, 


U.K.A.E.A., A-E.R.E.. HARWELL, Nr. DIDCOT, BERKS. 


Forms and particulars from the Chief STEEL PEECH & TOZER 
Education Officer, P.O. Box 480, Man- ASSISTANT CHIEF CHEMIST 
chester, 3, returnable by August 31, 1959. The Steel Peech and Tozer branch of The United Steel Companies Limited ’ 
requires an Assistant Chief Chemist. Applicants must be qualified at graduate 
level and aged about 35. A wide laboratory experience should include an 
SSISTANT METALLURGIST : Appli extensive knowledge of metallurgical analysis ona familarity with spectro- 
cations are invited from persons with graphic methods. Ability to deal with works problems of a chemical nature is 
Higher National Certificate and or LIM. required. Those at present earning less than £1.400 per annum should not 
for position as Assistant in Metallurgical apply 
Department of steel tube manufacturing Applications to be made to : 
company. Position offers scope in an Works Manager 
interesting and stable industry, for well Steel Peech & eee 
: qualified and experienced applicant. Apply P.O. Box 50 , 
in first instance to Personnel Manager, The 
Tubes Limited, Desford Lane, Kirby 
Muxloe, Nr. Leicester. | 


METALLURGIA 


CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT | continued 
\ETALLURGIST required to take 

charge of small Heat Treatment Plant 
undertaking sub-contract work.  Appli 
cants must have had practical experience 
on Muftle and Salt-bath Furnaces with 
good theoretical background. Some know 
ledge of Induction Heating and workshop 
practice desirable. Excellent opportunity 
for young ambitious Metallurgist in small 
progressive Company in S.W. London area 
Applicants aged 27-40 should write to 
Box MK. 65, 31, King 
Street West, Manchester 3 


HARWELL 

EXPERIMENTALISTS 
are required for a group engaged on the 
fabrication technology of prototype ad 
vanced fuel elements. Applicants should 
have G.C.E. at advanced level, H.N.C. or 
equivalent they should 
have experience welding or 
metallurgical fabrication 

Salary: £500 €1,260 according to age 
and experience Housing and superan 
nuation schemes. 

Please send a POST CARD for details 
to the Group Recruitment Officer (5030 
126), U.K.A.E.A., Atomic Energy Re 
search Establishment, Harwell, Berks 


qualifications 
In ceramic, 


processes 


RADIOL GIST required to take charge 

of small X Ray laboratory dealing 
with examination of light alloy castings 
A.1.D. approved man preferred but will 
consider other experienced applicants 
Crystallographic experience an advantage 
Superannuation and life assurance. Apply 
Box No. M.J.61, 31, King 
St. West, Manchester 3. 


NARITE eliminates ‘ scuffing ’, 
‘ galling’, or ‘ wrinkling’ in 
pressing. NARITE gives 
lower die costs, 
production hours, more profit. 
NARITE service is yours for 
the asking. 


CW 243! 


August, 1959 


Write now to ; 


ASHTON LIMITED 


continued 


SITUATIONS VACANT 


ROYAL TECHNICAL COLLEGE, 
SALFORD 
DEPARTMENT OF MECHANICAL 
ENGINEERING 
LECTURER in 
Applicants 


SENIOR METAL 
LURGY should 
have an honours degree in Metallurgy and 
The 
person appointed will be responsible for 
the development of teaching and research 
work and will be expected to carry out 
research work himself, for which adequate 
Staff are en 


required, 


a successful record of research work 


time will be allowed 


couraged to engage in private consulting 
work, fees for 
retained 


which may usually be 


Salary is accordance with the 
Burnham Technical Scale, at present 
£1,417 10s. Od. by £52 10s.0d. to £1,627 10s 
per annum 

The 


placed at an intermediate point in these 


successful applicant may be 


scales, in accordance ith pres 
experience in an equivalent capacity and 
or industrial 


Further particulars and forms of appli 


experience 
cation may be obtained from the Regist 
rar, Royal Technical College, Salford. 5, 
Lanes. to whom completed application 
forms should be returned within two weeks 
of the publication of this journal 


R. RIBBLESDALE THORNTON 
Clerk to the Governors 


Un-retouched Photographs by Courtesy of a NARITE User 


THESE TWO PHOTOGRAPHS 
TRATE SIMILAR PRESSINGS MADE 
UNDER IDENTICAL CONDITIONS. THAT 
ON THE LEFT SHOWS THE PERFECT 
RESULTS OBTAINED WITH NARITE DIES, 
COMPARED WITH 
THE WASTER PRO- 
DUCED BY ORDIN- 
ARY STEEL DIES. 


MACHINERY PLANT & 
ACCESSORIES WANTED 


FOR sale Gas Fire Furnace by Incan 
descent Heat Co., complete with ga 

fittings and gas regulator, all in unused 

condition Size of hearth 24 in. wide, 

36 in. deep, I2in. high. Offers invited 
Can be inspected at 

BUTLER-JONES(NAMEPLATES) LTD 

Kangley Bridge Road, Lower Sydenham 

London, S.E.26 


| ABORATORY Equipment Wanted 

* Metallurgical Microscope suitable for 
micro and macro examination of steel 
Camera attachment essential. Full details 
to Box No. MK 64 Meraucurata, 31, King 


Street West, Manchester 3 


Hydraulically 
Tensile Testing Machine 
Indicated Load 


Universal 
Maximum 


Operated 


25 tons 


1 Machine capable of carrying out 
Charpy Impact Tests on 10 mm 1mm 
test American and British 


pieces to 
Ltd., 2%, 
“ds 36011 


Catton & Co, 


Specifications 
Leeds Le 


Chadwick Street, 


METALLOGRAPHIC 
MOUNTING MEDIUM 


N H.P. Mounting Plastic, a cold-curing 
*" acrylic resin, permits the rapid mount 
ing of metallographic specimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives a 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu- 
facturers. Full details on request to the 
makers: NORTH HILL PLASTICS, LTD. 
MANLEY COURT, LONDON,  N.16. 


ILLUS.- 


LESS 
LESS WASTERS 
mone 
PRODUCTION 


more press 


ST. ANDREW'S RD. HUDDERSFIELD 
Telephone : 


HUDDERSFIELD 6263/4 


= 
THE 
PRESS ___ NEW METAL FOR 
TOOLS 
DIES | = — 


INDEX TO ADVERTISERS 


Ashton, N. C., Ltd. 


Beck, R. &. J., Ltd. 


SITUATIONS VACANT 


Abbey Heat Treatments, Ltd. 
Allen, Edgar, & Co., Ltd. 
Andrews, Thomas, & Co.., 


Ltd 


Birkett Billington & Newton, Ltd 


continued 


MSL 


other 
overseas 


home and 


metallurgy 


mam user 
commercial 


£1,500 to £2,000 


life insurance 


quoting 
J.G. Smith 


alter a 


the appointment 


MANAGEMENT 
LIMITE 


Innoc 
acandidate’s identity be disclosed to 
our chent unless he gives permission 
confidential 
which he will be given full details of 


Preferred age 30 to 35 


have been retained 
to advise on 
appointment of a 


the 


TECHNICAL ASSISTANT 
to the 
SALES DIRECTOR 


of one of the largest manufacturers 


of high grade refractories in the 
Commonwealth The company’s 
products are sold to tron, steel, 


non-ferrous, glass, chemical, orl and 
industries in the U.K 


and 


The Technical Assistant will deputise 
for the Sales Director over his full 
range of duties including supervision 
of sales force and agents, visits to 
overseas 
handling of technical enquiries and 
sales office administration 


customers, 


Candidates must have a degree in 
or chemistry 
some plant experience in one of the 
industries 
experience, 
sales, is also looked for 


and have 


Some 
including 


Initial salary 


with house in 


Scotland, car expenses, pension and 
Some 
travel will be necessary 


overseas alr 


Please send brief details in confidence, 
reference 


GR.I810 to 


ircumstances will 


AITED 
17, Stratton Street, London, W.!. 


interview at 
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Birmingham Aluminium 
1903) Co. Ltd. 

Blackwells Metallurgical Works, Ltd. 

Bolton, Thomas, & Sons, Ltd. 

sradley & Foster Ltd. 

Brayshaw Furnaces, Ltd 

British Acheson Electrodes, Ltd. 

British Aluminium Ltd. 

British Driver Harris Co. Ltd. 

British Electrical Repairs, Ltd. 

British Thomson Houston Co. Ltd. 


Casting 


Consett Co., Ltd 
Cronite Foundry, Ltd 
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Dowson & Mason Gas Plant Co., Ltd. 
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Phone: 


FOR ALL TYPES OF 


HEAT TREATMENT 


CONSULT 


ABBEY HEAT TREATMENTS LTD. 


(A.1.D., Min. of Supply and other Gove. Depts.) 


PLAZA WORKS, MERTON HIGH STREET 
LONDON, S.W.19 


CHErrywood 2291/2 


We collect and deliver in the London area 


Chemical Analyses 


of Ferrous and Non-Ferrous 
Metals and alloys, ores, 
slags, minerals, etc. 


Prompt service by 


THE YORKSHIRE 
TESTING WORKS Ltd. 


Established 1910 
RETORT WORKS, SCOTLAND ST., SHEFFIELD, 3. 


Phones: 
Grams: Retort, Sheffield, 3. 


21582 and 29916. 


Post to Canada and Newfoundland. 


Printed for the Proprietors, The Kennedy Press, Limited, 31, King Street West, Manchester, 3, 158, Temple Chambers, Temple Avenue, 
London, E.C.4, by Percy Brothers, Limited, The Hotspur Press, Manchester 1 and London. 


Registered for transmission by Mayazine 


~ 
4 Page Page 
19 98 
6 
‘ 
28 
\ . 
Hl 
17 
37 
D4 
10 
57 


COMPLETE 
HEAT TREATMENT PLANT 


The illustration shows the Heat 
Treatment Plant we recently installed 
at Messrs. Crowborough 

Engineering Works Ltd. Aycliffe. 


The complete unit installation at Aycliffe consists of Hardening Furnace, two 
Tempering Furnaces, Water Quench Tank, Oil Quench Tank, Loading and 
Unloading Racks. The unit is serviced by a fully-automatic, centrally- 
located, electrically-operated crane. The two re-circulating Tempering 
Furnaces utilise the waste heat from the Hardening Furnace. Supplementary 
gas is automatically provided when necessary. 


Further details are available on enquiry to :— 


STERLING URN ACES LIMITED 


13, Marton Road, MIDDLESBROUGH 


Telephone : 43328. Telegrams : Sterling, Middlesbrough 
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